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F o r  a  y e a r  or two p r e v i o u s  t o  t h i s  i n v e s t i g a t i o n  1 had. 
b e e n  m aking  u s e  o f  t h e  E r y t h r o c y t e  S e d im e n ta t io n  R a te ,  
c h i e f l y  i n  c a s e  o f  rh e u m a t is m .
i n  t h e  autum n o f  194 1 t h e r e  came i n t o  my p o s s e s s i o n  a  
copy  o f  a  r e p r i n t  o f  an a r t i c l e  i n  t h e  E d in b u rg h  M e d ic a l  
J o u r n a l  by W .F .H arvey  and  T .D .H a m il to n .
i n  t h i s  a r t i c l e  t h e y  d e a l t  w i th  t h e  u s e  o f  o r d i n a r y  c l e a r  
g l a s s  c a p i l l a r y  v a c c i n e  lymph t u b e s  i n  t h e  e s t i m a t i o n  of 
t h e  E r y t h r o c y t e  S e d im e n ta t i o n  K a te .
The work on t h i s  h a d  b een  done by  making u s e  o f  t h e i r  
own b lo o d  o n ly ,  and  i t  o c c u r r e d  t o  me t h a t  i t  m ig h t  be 
i n t e r e s t i n g ,  making u s e  o f  t h e  m a t e r i a l  t o  b e  fo u n d  i n  
g e n e r a l  p r a c t i c e ,  t o  4 o a  s e r i e s  o f  c a s e s  c o m p ar in g  t h e  
b e  h a v i o u r  o f  t h e s e  t u b e s  w i th  t h a t  o f  t h e  s t a n d a r d  
W e s te rg re n  m eth o d .
The r e s u l t  o f  t h i s  and some r e m a rk s  on t h e  u s e  o f  m ic ro ­
b o r e  t u b e s  a r e  d i s c u s s e d  l a t e r .
i n  t h e  c o u r s e  o f  t h i s  work i  came on a  s t r i k i n g  c a s e  o f
a
h a e m - a g g l u t i n a t i o n .  i  was u s i n g  ^ L o v ib o n d  C o m p a ra to r  f o r  
t h e  h a e m o g lo b in  e s t i m a t i o n .  The m ethod  u t i l i s e d  a  f i l m  
o f  a c t u a l  b lo o d  0*0045 i n .  t h i c k  i n  a  s p e c i a l  b lo o d  s l i d e  
and  h a e m - a g g l u t i n a t i o n  o c c u r r e d  so  q u i c k l y  t h a t  i t  was 
d i f f i c u l t /
d i f f i c u l t  t o  g e t  a  s a t i s f a c t o r y  r e a d i n g .  By any o t h e r  
m ethod  t h i s  m ig h t  h a v e  b e e n  m is s e d .
T h is  was a c c o m p l i s h e d  by  a  h i g h  s e d i m e n t a t i o n  r a t e  and  
ray i n t e r e s t  was a r o u s e d  i n  t h e  m echanism  o f  what h a p p e n e d  
i n  a b n o rm a l r a t e s ,  h e n c e  t h i s  i n v e s t i g a t i o n .
The i n t e r p r e t a t i o n  o f  t h e  t e s t  1 h a v e  n o t  t o u c h e d  u o o n .  
T h i s  h a s  b e e n  t h e  s o u r c e  o f  l e n g t h y  and  so m e tim es  h e a t e d  
c o n t r o v e r s y ;  a  c o n t r o v e r s y  d i f f i c u l t  t o  u n d e r s t a n d  when 
i t  i s  rem em bered  t h a t  t h e  f u n d a m e n ta l  e l e m e n t s  i n v o l v e d  
i n  t h e  m echanism  of  v a r y i n g  s e d im e n t a t i o n  a r e  n o t  y e t  
f u l l y  e l u c i d a t e d .
i n  b l o o d  w h ich  h a s  b e e n  p r e v e n t e d  from  c l o t t i n g  t h e  
e r y t h r o c y t e s  s e d im e n t  a t  r a t e s  w h ich  th o u g h  i n  h e a l t h  a r e  
w o n d e r f u l l y  c o n s t a n t ,  y e t  i n  c e r t a i n  p a t h o l o g i c a l  
c o n d i t i o n s ,  may v a r y  c o n s i d e r a b l y .
F a l i ra e u s  i n  1918 and 1921 s t u d i e d  t h i s  s u b j e c t  so  
e x h a u s t i v e l y  t h a t  l i t t l e  seems t o  h a v e  b e e n  ad d ed  t o  t h e  
s o l u t i o n  o f  t h e  f u n d a m e n ta l s  of  t h e  p ro b le m  s i n c e  t h e n .
The t i t l e  o f  F a h r a e u a 1 o r i g i n a l  work i n  1 9 I 8 was "The 
S u s p e n s io n  S t a b i l i t y  o f  t h e  B lood"  and  a s  a  d e f i n i t i o n  t h i s  
i s  e x p r e s s i v e  and c o m p le te .
L a t t e r ly  t h e  phenomenon h a s  b e e n  commonly r e f e r r e d  t o  a s  
t h e  B lood  S e d im e n ta t io n  K a te  or s h o r t l y  t h e  B . S . k .
T h is  a s  a  d e s c r i p t i o n  i s  l o o s e  and  m e a n in g le s s  an d  s h o u ld  
b e  s u p p la n t e d  by t h e  t e r m  now coming more i n t o  u s e  -  t h e  
E r y t h r o c y t e  S e d im e n ta t io n  K a te  or E .S .K .,  w h ich  a s  a  
d e f i n i t i o n  i s  c l e a r .
i n  t n e  u s e  of t h e  E r y t h r o c y t e  S e d im e n ta t io n  K a te  i t  i s  
g e n e r a l l y  a c c e p t e d  t h a t  a s  a  t e s t  i t  i s  n o n - s p e c i f i c ,  wo 
p u r e l y  d i a g n o s t i c  v a l u e  can  be  a s s i g n e d  t o  i t .
i t s  u s e f u l n e s s  l i e s  i n  two d i r e c t i o n s .  F i r s t l y ,  i n  
f o l l o w i n g  t n e  im provem ent o r  o t h e r w i s e  of c e r t a i n  d i s e a s e s  
and  s e c o n d ly ,  i n  c a s e s  w h ere  an ab n o rm a l r a t e  i s  f o u n d  and 
t h e r e  seems n o  v e ry  o b v io u s  c a u s e  t o  a c c o u n t  f o r  i t ,  i t  
s u g g e s t s  t h a t  f u r t h e r  and  more th o ro u g h  i n v e s t i g a t i o n  i s  
c a l l e d  f o r .
C o n d i t i o n s  and  d i s e a s e  i n  w h ich  t h e  r a t e  v a r i e s  f ro m  
n o rm a l  a r e  many and  v a r i e d .
P e r s o n a l l y  I  w o u ld  s u g g e s t  c l a s s i f y i n g  t h e  c a u s e s  s im p ly  
a n d  a s  f o l l o w s .
I .  C o n d i t i o n s  i n  w h ich  t o x i n s  a r e  p r e s e n t .
I I .  C o n d i t i o n s  i n  w h ich  t h e r e  i s  c e l l  d e s t r u c t i o n  an d  t h e  
p r o d u c t s  a r e  b e i n g  a b s o r b e d ,  a s  i n  f r a c t u r e s  an d  a f t e r  
r a d i a t i o n .
I I I .  I n d e t e r m i n a t e  c o n d i t i o n s  such  a s  r s n a ' l  an d  h e a r t  d i s e a s e .  
lV .  P re g n a n c y  w h ich  m ig h t  b e  c o n s i d e r e d  a s  p h y s i o l o g i c a l .
i n  a l l  o f  t h e s e  c o n d i t i o n s  t h e r e  i s  f o u n d  one o f  t h e  
p r o x im a t e  c o n d i t i o n s  o f  v a r y i n g  r a t e s  -  a  d i s t u r b a n c e  o f  
t h e  b a l a n c e  o f  t h e  p r o t e i n  c o n s t i t u e n t s  o f  t h e  p la s m a  a s  
com p ared  t o  t h e  a c c e p t e d  mean.
The p l a s m a  p r o t e i n  w h ich  i s  r e g a r d e d  a s  h a v in g  t h e  
g r e a t e s t  e f f e c t  i n  t h i s  r e s p e c t  i s  f i b r i n o g e n  a n d  i n  t h i s  
i n q u i r y  1 c o n f i n e d  m y s e l f  t o  a  c o n s i d e r a t i o n  o f  t h i s .
The p h a s e s  w h ich  o c c u r  d u r i n g  s e d i m e n t a t i o n  may b e  
o b s e rv e d  i n  t h e  o r d i n a r y  W e s te rg r e n  t u b e  a n d  m ost e a s i l y  i n  
b lo o d s  w i t h  a  h i g h  s e d i m e n t a t i o n  r a t e .
F o r  a  s h o r t  t im e  a t  f i r s t  t h e r e  i s  a  s low  c l e a r i n g  o f  t h e  
upp e r /
u p p e r  l a y e r ,  th e n  i n  a b o u t  f i f t e e n  o r  tw e n ty  m in u te s  t h i s  
l a y e r  e x t e n d s  w i th  a  g r a d u a l  s h a d in g  u p w a r d s ,  i n s p e c t i o n  
o f  t h i s  p a r t  o f  th e  t u b e  e i t h e r  w i th  t h e  n a k e d  eye or 
s t i l l  b e t t e r  w i t h  a  h a n d  l e n s ,  shew s t h a t  t h e r e  have b e e n  
a g g r e g a t i o n s  o f  c e l l s  f o r m in g .  From t h i s  s t a g e  on, 
s e d i m e n t a t i o n  g o e s  on more r a p i d l y  t i l l  t h e r e  o c c u r s  a  
l a t e  s t a g e  when t h e  r a t e  i s  much s lo w e r  and  f i n a l l y  c e a s e s  
when t h e  p a c k in g  o f  t h e  c e l l  c o n t e n t  i s  c o m p le te .  A f t e r  
tw e n ty  f o u r  h o u r s  or l o n g e r  t h e  p a c k e d  c e l l s  g i v e  an 
a p p ro x im a te  v a l u e  o f  t h e  c e l l  c o n t e n t ^  o f  t h e  b l o o d .
Some o b s e r v e r s  t a k e  a  r e a d i n g  a t  t h e  end  o f  one h o u r  and  
t h e n  a t  t h e  en d  o f  t h e  s e c o n d  h o u r  b u t  f o r  a l l  p r a c t i c a l  
c l i n i c a l  p u r p o s e s  t h e  g e n e r a l l y  a c c e p t e d  i n t e r v a l  i s  t a k e n  
a s  one h o u r .
The a g g r e g a t i o n  o f  t h e  c e l l s  i s  a  p o i n t  I  s h o u ld  l i k e  t o  
draw a t t e n t i o n  t o  and  1 am com m enting on t h i s  i n  a  l a t e r  
S e c t i o n .
X h a v e  c l a s s i f i e d  t h i s  i n v e s t i g a t i o n  u n d e r  s e v e r a l  
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METHODS OF PERFORMING THE TEST.
The e s t i m a t i o n  o f  t h e  E r y t h r o c y t e  S e d im e n ta t io n  r a t e  i s  
a c c o m p l i s h e d  by  t h e  u s e  o f  t u b e s  o f  a  v a r i e t y  o f  b o r e s  and  
w i t h  t h e  u s e  o f  d i f f e r e n t  h e i g h t s  o f  co lum n.
An a n t i - c o a g u l a n t  i s  n e c e s s a r y  t o  p r e v e n t  t h e  b lo o d  from  
c l o t t i n g .
T hose  m ost commonly u s e d  a r e  Sodium or P o ta s s iu m  o x a l a t e  
a n d  Sodium c i t r a t e .
The e x p e r im e n t s  done i n  t h i s  i n v e s t i g a t i o n  h a v e  a l l  b e e n  
done  w i t h  Sodium c i t r a t e .
The b o r e  o f  t h e  t u b e s  may v a r y  f ro m  a b o u t  1 mm. o r  l e s s  
i n  t h e  s o - c a l l e d  m ic r o - b o r e  t u b e s  t o ,  i n  one m ethod , t h e  
d ia m e te r  of a  c e n t r i f u g e  tu b e  -  r o u g h ly  15 mm.
The h e i g h t  o f  t h e  column u s e d  i s  u s u a l l y  200 mm, o r  100 
mm. and th o u g h  l e s s  t h a n  1GD mm. may b e  u s e d ,  l e s s  th a n  50 mm. 
i s  n o t  a d v i s e d .
The two m ethods  m ost commonly u s e d  a r e  t h o s e  o f  W e s te rg re n  
an d  W in t ro b e .
The W e s te rg re n  m ethod  uses ,  a  t u b e  o f  2*5 flam* b o r e  and  a  
column o f  200 mm. I t  i s  g r a d u a t e d  f ro m  t h e  to p  o f  t h e  column 
i n  mms. and  i s  u s e d  w i th  c i t r a t e d  b l o o d  -  one p a r t  o f  3 *8% 
Sodium c i t r a t e  s o l u t i o n  t o  f o u r  o f  b l o o d .
The W in tro b e  m ethod use&  a  s p e c i a l  t u b e  -  t h e  W in tro b e  
id a e m a to c r i t  t u b e .  T h is  tu b e  i s  2*5 mm. i n  b o r e  and  u s e 3 a  
column o f  100 mm. I t  i s  c l o s e d  a t  t h e  b o t to m  and i s  g r a d u a t ­
e d  i n  mms. r e a d i n g  f ro m  t h e  b o t to m  of  t h e  t u b e .
i t  i s  used, w i th  o x a l a t e d  b lo o d  and  r e q u i r e s  t o  b e  f i l l e d  
w i t h  a  f i n e  p i p e t t e .
i t  h a s  t h e  a d v a n ta g e  t h a t  a f t e r  t a k i n g  t h e  s e d im e n t a t i o n  
r a t e ,  i t  c a n  b e  d e n t r i f u g e d  t o  g i v e  t h e  c e l l  volum e o f  t h e  
p la s m a .
I n  u s i n g  any  m ethod  t h a t  a r e  c e r t a i n  p r e c a u t i o n s  w h ich  
h a v e  t o  b e  t a k e n ;  t h e  t u b e s  h a v e  t o  b e  k e p t  v e r t i c a l ;  t h e r e  
m ust be  n o  v i b r a t i o n  and  t h e  t e m p e r a t u r e  must b e  k e p t  a s  
c o n s t a n t  a s  p o s s i b l e .
T h is  i n v e s t i g a t i o n  b eg a n  w i t h  an  i n q u i r y  i n t o  t h e  r e l a t i v e  
b e h a v io u r  o f  t h e  s t a n d a r d  W e s te rg re n  m ethod  and  a  c e r t a i n  
m ethod  u s i n g  m ic r o - b o r e  t u b e s .
T h is  m ethod  was d e s c r i b e d  by  W .P .H arvey  and  T .D .H a m il to n  
i n  t h e  E d in b u rg h  M e d ic a l  J o u r n a l ,  wew S e r i e s  ( i V t h . )  V o l. 
X L i i l ,  1936 .
i t  h a s  s i n c e  b e e n  p u b l i s h e d  i n  E d in b u rg h  P o s t - u r a d u a t e  
L e c t u r e s  i n  M e d ic in e ,V o l .  t w o , 1942, a s  p a r t  o f  a  l e c t u r e  
By W . F . H a r v e y , e n t i t l e d .  " S i m p l i f i c a t i o n  o f  B lo o d  E x a m in a t io n "
I n  t h i s  m ethod  o f  p e r f o r m in g  t h e  e r y t h r o c y t e  s e d im e n t a t i o n  
r a t e , t h e  u s e  o f  c a p i l l a r y  lymph v a c c i n e  t u b e s  i s  d e s c r i b e d .
T h is  m ethod  i s  a d v o c a te d  by t h e  a u t h o r s  on t h e  f o l l o w i n g  
g r  o u n d s .
" I t  n e c e s s i t a t e s  n o  e x p e n s i v e ,  n o  s p e c i a l l y  g r a d u a t e d  
a p p a r a t u s ;  i t  u s e s  l i t t l e  b lo o d  and  t h e r e f o r e  c a u s e s  
p r a c t i c a l l y  n e i t h e r  in c o n v e n ie n c e  n o r  d i s t r e s s  t o  t h e  p a t i e n t  
even  when r e p e a t e d  d a i l y ;  i t  d o e s  n o t  n e c e s s i t a t e  any c a r e f u l  
c l e a n i n g  o f  a p p a r a t u s ,  f o r  a l l  o r  m ost o f  i t  i s  th ro w n  away 
when done w i t h " .
The t u b e s  u s e d  a r e  c l e a r  g l a s s  v a c c i n e  lymph t u b e s .  They 
a r e  s t a t e d  by  t h e  a u t h o r s  t o  be r e m a rk a b ly  u n i f o r m  i n  b o r e  
th ro u g h o u t  t h e i r  l e n g t h  and  t h e  m a j o r i t y  a r e  s a i d  t o  b e  a b o u t  
1*1 mm. i n  b o r e .
Some t u b e s  "which I  r e c e i v e d  f ro m  u o l .  H arvey  and  o t h e r s  
w h ich  i  o b t a i n e d  from  t h e  same s o u r c e  ( B a i r d  & T a t  l o c k )  do
n o t  q u i t e  b e a r  t h i s  o u t ,  b u t  i n  t h i s  i n q u i r y  i  h a v e  u s e d  t h e  
must u n i f o r m  o f  th em .
The t u b e s  a r e  a b o u t  90 nun. i n  l e n g t h  and  when u s e d ,  a r e  
m ark ed  a t  70 mm. w i t h  i n d i a n  i n k  t o  g i v e  a  colum n of  t h i s  
l e n g t h .
The a n t i - c o a g u l a n t  u s e d  i s  sodium  c i t r a t e  a s  i n  t h e  
W e s te rg r e n  t e c h n i q u e  -  one p a r t  o f  3*8$ c i t r a t e  t o  f o u r  of 
b l o o d .
The t e c h n i q u e  i s  a s  f o l l o w s .
A t e s t e d  p i p e t t e  i s  u s e d  and  w i th  t h i s ,  one d ro p  o f  c i t r a t e  
i s  e x p e l l e d  i n t o  a  w a tc h  g l a s s  and  t h e  r e m a in in g  c i t r a t e  
e x p e l l e d .  Some b lo o d  i s  t h e n  t a k e n  i n t o  t h e  p i p e t t e  f ro m  a  
f i n g e r  p r i c k  and  f o u r  d r o p s  a r e  a l lo w e d  t o  f a l l  i n t o  t h e  
w a tc h  g l a s s .  The c o n t e n t s  a r e  m ixed  and  t a  ken  up  i n t o  t h e  
t u b e  t o  t h e  70 mm. m ark . The t u b e  i s  t h e n  t i l t e d  and  t h e  
b lo o d  a l lo w e d  t o  ru n  up  a  l i t t l e .  B o th  en d s  o f  t h e  t u b e  a r e  
t h e n  p a s s e d  th ro u g h  a  l a y e r  o f  p l a s t i c e n e  t o  s e a l  them  and  
t h e  tu b e  s e t  up  v e r t i c a l l y .
The p r o c e s s  i s  r e p e a t e d  w i th  one * s  own b lo o d  a s  a  c o n t r o l .  
The a u t h o r s  s t a t e  t h a t  once a  s t a n d a r d  h a s  b e e n  e s t a b l i s h e d  
t h i s  may b e  d i s p e n s e d  w i t h ,  s i n c e  i n  t h e i r  own c a s e s  t h e y  
f i n d  t h a t  t h e  t e s t ,  so  f a r  a s  t h e i r  b lo o d  i s  c o n c e r n e d ,  h a s  a  
r e a s o n a b l e  day  t o  day  c o n s ta n c y .
T h e i r  s tu d y  of t h i s  m ethod  was d o n e ,  u s i n g  t h e i r  own 
b lo o d .  C o n s id e r in g  t h i s ,  i t  was t h o u g h t  t h a t  i t  m i g h t  be
i n t e r e s t i n g  t o  s tu d y  t n e  b e h a v io u r  of th e se  tu b es  us coup vc 3d 
w i t h  t h e  s t a n d a r d  W e s te rg r e n  p r a c t i c e ,  by d o in g  a  s e r i e s  o f  
c a s e s  co m p ar in g  t h e  two and  u s i n g  t h e  v a r y i n g  m a t e r i a l  fo u n d  
i n  g e n e r a l  p r a c t i c e .
T h is  was d o n e .  The same sp ec im en  o f  c i t r a t e d  b lo o d  was 
u s e d  b o th  f o r  t h e  W e s te rg re n  tu b e  and  f o r  t h e  c a p i l l a r y  
t u b e s .
The blood vras t a k e n  f ro m  a  v e in j in  t h e  u s u a l  way and  
p r o b a b l y  g a v e  a  somewhat more a c c u r a t e  m easu rem en t t h a n  t h e  
d ro p  m ethod .
The c a s e s ,  a d o p t in g  t h e  W e s te rg re n  s t a n d a r d ,  v a r i e d  f ro m  
n o rm a l  t o  a  p a t h o l o g i c a l  r a t e  o f  127 i n  on^ h o u r .
The r e s u l t s  a r e  s e t  o u t i n  t h e  f o l l o w i n g  p a g e s .
The c a s e s  f ro m  w hich  t h e  f i g u r e s  w ere  o b t a i n e d  w i l l  be  
fo u n d  i n  t h e  a p p e n d ix .
n o t e ; -  The r e a d i n g  o f  t h e  f a l l  i n  t h e  c a p i l l a r y  
t u b e s  i s  done w i th  a  r u l e  g r a d u a te d  i n  mm.
14.
C o m p ariso n  o f  W e s te rg r e n  and  C a p i l l a r y  t tead in & 3 .
W e s te rg r e n  r u b e . C a p i l l a r y  t u b e .  
1 h r . 24 h r s . 1 b r .  24 h r s .
u a s e . 1 . 17 s12:41 21 13.
it n 13:.3:42. 4 7 . 24 .
n w 15 6 :42 70. 1 2 5 . 31 .
ti 2 19 12:41 2 . 1 - 5 .
n 3 23 1 42 . 8 . 7*5.
it 4 21 3 4 2 . 24. 1 1 0 . 1 8 -5 . 45 .
« 5 23 3 42 . 1 2 . 80 . 1 2 .5 35.
n 6 25 3 42 . 7 . 7 0 . 6 . 35.
it 7 27 3 42. 5. 4 . 5 .
n 8 28 3 42. 8 6 . 1 3 8 . 45 . 52.
n 9 2 4 42. 5. 67. 4 .5 39.
n 10 3 4 42. 6 -5 67. 5 . 45 .
it l i 6 4 42. 45. 124. 28. 43.
R 12 24 4 42. 18. 95 . 13. 38.
tt 13 9 4 42 . 6*5 8 2 . 5 . 3 3 .
« 14 28 4 42. 6 . 90- 6 . 42 .
9 15 2 5 42. 32. 1 2 0 . 2 6 . 42.
it 16 4 5 42. 2 1 . 113. 19 . 45.
ii 5 27 4 42. 6 . 9 2 . 5 . 39.
n 17 5 5 42. 4*5. 73. 4 . 3 6 -5 .
R 18 6 5 42. 4 .5 90 4 . 36.
n 19 11 5 42 io«5 94. 9 - 5 . 38.
C o m p ariso n  o f  W e s te rg re n  and  c a p i l l a r y  h e a d i n g s ,  ( c n t d ) .
W e s te rg r e n  T u b e . c a p i l l a r y  r u b e .
1 h r . 24 h r  s . 1 h r . 24 h r  s
c a s e 2 0 . 13 5 42 37. 119. 2 1 . 45.
n 21 13 5 42 5-5 8 7 . 4-5 4 3
n 22. 26 5 42 9. 90. 9. 41.
N 23 29 5 42 8. 80 5 -5 . 35*5
It 13 1 6 42. 18. 95. 15. 39.
V 24 3 6 42 3-5
n 8 5 6 42. 127. 48.
n 16 8 6 42 18. 100. 10 .5 41.
n 25 9 6 42. 9;. 83. 5. 45.
ir 26 13 6 42 * 8. 75 . 5. 38.
h 27 19 6 42, 13. 115. 14.
n 28 27 6 42. 23 . 15.
it 2. 29 6 4 2 . 1 .5 1-5
if 8 . 30 6 42 105. 45-5
* 15. 30 6 42. lo*5 9*5.
n 29. 2 7 42. 8 5 . 44.
* V 5 7 42 95 . 42-5
n 16 13 7 4 2 . 22. 18.
11 30 13 7 42 35. 19.
n 8 27 7 42. 109. 32.
n 4 15 8 42. 32. 24.
n 16 . 24 8 42. 22. 18.
11 31 26 8 42. 3. 3 . 5
o v er
l o .
C o m p ar iso n  o f  Wo s t a r . , r a n  and  c a p i l l a r y  tu b e  h e a d i n g s  ( c n t d ) .
W e s te rg r e n  t u b e , c a p i l l a r y  t u b e .  
l_Jhr. 24 h r  s .  JL h r , 24 h r  «.
Case 8 :. 27 8 :4 2 . 75. 36.
it 15- 1 9 :4 2 . 6 -5 4*5
1! 30. 3 9 :4 2  . 1 2 . 1 2 .
tt 32. 7 9 : 4 2 . 7- 6*5
it 2 0 . 14 9 :4 2 , 37- 39-
n 33. 16 9 :42 . 6 .5 5 . 5
tt 34. 18 9 :42 . 1 1 . 9-
tt 35. 19 9 :4 2 . 7- 8 .
tt 8 . 27 9 :4 2 . 73- 40.
tt 29. 15 10:42 . 8 6 . 41.
tt 36. 22 10:42. 8 . 90. 8 .
tt 15. 31 10:42 . 3. 51. 2 .
to shew more c l e a r ly  th e  r e la t io n s h ip  b etw een  t h e s e
r e a d in g s , in  th e  f o l lo w in g  p a g e s  i  h a v e  a r r a n g e d  them  i n
t h e  a s c e n d in g  o r d e r  o f  t h e  W e s te rg re n  r e a d i n g s .
The 24 h r s .  r e a d i n g s  i  h a v e  o m i t t e d .  T h ese  g i v e  an
a p p ro a c h  t o  c o n s t a n t  volum e and  a r e  i n t e r e s t i n g  a s  shew ing 
yo*
t h e  a p p ro x im a te  b e tw een  t h i s  and  t h e  r e s p e c t i v e  s e d im e n t a t i o n  
r a t e s .
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Readings of Westergren amd C apillary  tubes in  ascending 
order of Westergren read ings.
Westergren. P a p illa ry . W estergren. Ca p illa r y .
1 .5 1*5 9. 5-
2. 1*5 9 . 9.
3 . 3*5 10-5 9*5
3- 2. 10*5 9*5
3-5 2*5 1 1 . 9 .
4 .5 4. 12. 12*5 .
4 . 5 , 4 . 12. 12.
5 . 4v5 13. 14.
5 . 4*5. 16. 9 .
5-5 4*5 18. 13.
6 . 5 . 18. 15-
6 . 6 . 18. 10*5.
6*5 5- 21 . 13.
6*5 5 21. 19.
6 .5 5*5 22. 18.
7 . 6*5 .CVI 15.
7 . 6 . 24. 18*5
7* 8 . 32. 26.
8 . 5. 32 24
8 . 5 , 5 35 19.
8 . 7-5 37 21.
8 . 8 . 37. 39-
Readings of Westergren and P ap illary  tubes in  ascending 
order of Westergren readings* (u n td ).
Weatersren. u a o illa r y . W estergren. P a p illa ry .
45 . 28. 86 . 41.
47. 24. 86 . 45.
70. 31. 95. 42*5 •
73. 40. 105. 45-5
75. 36. 109. 32.
85. 44. 127 48.
i t  w i l l  be observed that r e la t iv e ly  to  the height of the 
column in  the Westergren tube (200 mm.) and the height in  
the ca p illa ry  tub e (70 mm.) sedimentation i s  fa s te r  in  the 
ca p illa ry  tube.
A c l o s e r  i n s p e c t i o n  o f  t h e  f i g u r e s  how ever r e v e a l s  c e r t a i n  
discrepancies in  the ca p illa ry  readings as compared with the 
resp ectiv e  Westergren readings.
rhese are d i f f ic u l t  to  exp la in . The authors of the a r t ic le  
s ta te  that i t  might be advisable to  take double the quantity  
of blood and se t  up two tubes * for sometimes sedim entation i s  
unduly delayed -  i t  may be from a p a r t ic le  of dust in  the 
tube!1.
This does not seem to  be the only explanation, as some 
of the readings shew an increase in  the r a te .
1 9 .
V ariations in  the bore of the tubes were considered as a 
p o ss ib le  explanation; though the tubes on casual examination 
seem to  be f a ir ly  uniform, yet c lo ser  in sp ection  shews that 
there i s  a f a ir  d ifferen ce  between some of them.
The fo llow in g  observations were made on t h i s : -
G apillary tubes w are  p i c k e d  so  a s  t o  h a v e  a 3 t r u e  a 
c ircu la r  b o r e  and  as much freedom from taper as p o s s ib le .
The outside diameter about the middle was measured with  
a metric micrometer. The d ifferen ce  in  the th ickness of the  
w a ll may be taken as n e g lig ib le .
They were f i l l e d  to  the usual height of 70 mm. and se t  
up in  a stand, c itr a te d  blood as used in  the Westergren 
t e s t  was u t i l iz e d  from two cases with a normal E.S.R. and 
from one with an abnormal r a te .
R esu lts .
Case. 38 .
12;11:42.
E.S.R. of 1 hr. Westerggren. 3*
Diameter of Tube. 1 to.
1*25. mm. 2;75
1 #2 7. mm. 3 .
1-3 ,n 3.
1*32 ■ 2 *7 5 .
1*33 * 2 -7 5.
1-34. ■ 3 .
1-36. * 2 *7 5 .
20 .
R esu lts .
Case . 37 .
4 ;11:42 .
E.S.R, of 1 hr. Westergren. 4 .
Diameter of ‘lu b e . 1 h r .
1* 20. mm. 4 .
1 . 25. « 3 .
1- 27. ■ 3.
1 -30 . ■ 3-75-
1-32. " 4 .
1 -33 . " 3*5«
1*34. " 2 *5 .
1.36 . ■ 4 .
1-45. ■ 4 .
1-50. * 3*5.
1 -55 . " 3*5.
Case. 29. 
IS . 1 0 :42.
E.S.R. of 1 hr. Westergren. 8 6 .
Diameter of lu b e . 1 h r .
1 . 2 7 . mm. 42.
1*30. ■ 42 .




These three experim ents, though they shew minor v a r ia tio n s , 
do not account for tne greater d iscrep ancies remarked upon.
Bore does not seem to  enter in to  the question .
Temperature i s  known to  in flu en ce the sedim entation r a te ,  
i t  has to  he remember that the w all of these ca p illa r y  tubes 
i s  very th in  (almost paper th in ) as conpaxed to  th £  w all of 
the Westergren tube and that the heat in su la tin g  e f fe c t  must 
be very d iffer en t the two tubes. The varying tenperature  
of a consu lting  room might have an e f f e c t .
This was te s te d  by using micro-bore tubes with a th ickness  
of w all corresponding to  that of the Westergren tube.
One of these tubes had a bore of 1*07 mm. and an outside  
diameter of 4*5 mm. The bore was uniform and corresponded 
f a ir ly  c lo se ly  to  the bore of the ca p illa ry  tub es. I have 
referred  to  i t  in  my cases as the Micro-bore Tube.
The other tube had a bore of 0*88 mm. and an outside  
diameter of 5*3. »»• i t  i s  referred  to  as V erid ia . This i s  
the trade name for the p rec is ia n  bore ‘g la ss  tubing made by the 
Rotameter Co. who made i t  and two Westergren tubes for me.
The height of column used in  both tubes was 100 Mum.
Every care was taken in  assuring the c le a n lin e ss  of these and 
the Westergren Tube. They were washed and dried each time on 
an Edwards exhaust pump.
in  th e  f o l lo w in g  t a b le s  i  have arran ged  th e  f ig u r e s  in  
a sc e n d in g  o r d e r . O ases w m  be found  in  th e  A ppendix.
Westergren and. Micro-bore tube comparisons. 
Westergren. M icro-bore. W estergren. M lcro-bore.
1 . 0-75 19. 18.
1 . 1 . 22-5 . 26.
1*25. • 1*25. 23. 18.
•lf\•
CVI 1*5 24. 2 6 .
3 . 3 . 27. 27 .
3 . 3 . 30. 32.
3 . 2 -5 . 33 • 35-
5 . 6 . 33- ’ 25.
5 . 6 . 37. 39.
5 . 5 . 46. 39-
5. 6 *5 . 56. 34.
5*5. 5 .5 57. 36.
6 . 3*5. 59. 36.
6 . 4 . 6 0 . 45.
7*5. 7-5 69. 47.
9 . 9*5. 75- 45.
12. 12:5 76. 46.
13. 14. 83. 40.
15. 15. 98. 57.
17. 17. 108. 51-5
17. 24. 114. 61.
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i t  i s  evident that in  th is  s e r ie s  there are a lso  anom alies. 
A further small s e r ie s  i s  given of conqparisons between the 
Micro-tube and the v er id ia  tube. The Westergren fig u r e s  are 
om itted.
Mioro-bore tube. V eridia tube.
1*5 2 .
2 .5  3 -2 5 .
6*5* 6 *
9 -5  9 -5
12-5  15.
. & 18« 8*5
24. 26.
26.  32 .
32. 31.
39. 4 0 .
4 5 . 46*5
51-5  52 .
57* 57.
6 1 . 1 6 1 .
Even in  th is  small s e r ie s  of comparisons between micro-bore
tubes there are anomalies in  the readings.
Temperature as an in fluence has, in  these observations 1 
th ink , been to  a ^reat extent elim inated .
The presence of foreign  m aterial in  the tubes may a lso  be
claimed to  have been d ea lt with fa ir ly  w e ll .
24 .
The q u e s t i o n  o f  t h e  i n f l u e n c e  o f  c a p i l l a r i t y  on v a r i o u s  
b l o o d s , i n  c a u s i n g  t h e s e  a n o m a l ie s  was c o n s i d e r e d  a n d  was 





F u l l  S i z e .
The s im p le  d e v i c e  shewn above  was u s e d .  I j r  i s  made o f  c a r d  -  
b o a r d  w i th  a  p i e c e  a b o u t  2 mm. i n  d e p th  c u t  o u t  o f  t h e  f o o t .
On i t  a r e  p a s t e d  two o t h e r  p i e c e s , l e a v i n g  a  s p a c e  b e tw e e n  them  
w h ich  j u s t  t a k e s  one o f  t h e  c a p i l l a r y  lymph t u b e s .  One o f  t h e s e  
p i e c e s  h a s  a  m i l l i m e t r e  s c a l e  on i t .  To u s e  i t  t h e  t u b e  i s  
p l a c e d  i n  t h e  g ro o v e  a n d  h e l d  i n  p l a c e  by a  t h i n  r u b b e r  b a n d .
I t  i s  t h e n  h e l d  v e r t i c a l l y  on t h e  d e s k  a n d  t h e  t u b e  b r o u g h t
25 .
down to  desk le v e l .
The small g la s s  container shewn in  B. i s  f i l l e d  with the 
c itr a te d  blood to  w ith in  about a mm. from the top and the  
card held  v e r t ic a lly  on the top of i t  as shewn, m  a minute 
or two when the blood ceases to  r i s e  in  the tube the height 
i s  read.
The average r is e  i s  about 8 to  9 mm. Observations were 
made with bloods of varying sedim entation r a te s  but the  
v a ria tio n s were so s l ig h t  that no d e f in ite  conclusion could be 
drawn.
The one th ing obv ious i s  that these tubes ex erc ise  a 
w ell marked ca p illa ry  e f f e c t .
c a p il la r ity  in  i t s  u ltim ate a n a ly sis  i s  a subject which 
i  am unable to  deal w ith, n either can i  put forward any 
explanation of the anomalous readings described, but from my 
observations I think certa in  conclusions may be drawn.
The ca p illa ry  vaccine lymph tubes may be u se fu lly  employed 
in  rough experimental work where r e s u lts  can be checked by 
using more accurate apparatus. They require small q u a n tities  
of m aterial and so lend themselves to  r e p e t it iv e  work. They 
are inexpensive and the trouble of cleaning apparatus i s  
elim inated by discarding them.
in  view of the in exp licab le  anomalies found with them 
and with the other micro-bore type of tubes i t  appears to  me 
that the micro-bore type of tube i s  u nsu itab le for keeping
2b.
seriou s records or where d iffer en t observers axe recording  
th e ir  r e s u lt s .
The Westergren tube has stood the t e s t  of many years and 
i s  probably the b est compromise between the sm allest quantity  
of blood required and the reduction of the e f f e c t s  of 
c a p i l la r it y .
viaooflinr
V isc o s ity .
i t  seems natural in  an inquiry such as t h is ,  to  consider 
whether the v is c o s ity  of the plasma has any e f fe c t  on the 
sedim entation ra te .
The membrane and cytoplasm of the erythrocyte have th e ir  
own v i s c o s i t i e s ,  but th is  i s  not considered here.
The v is c o s ity  of co ilo id lso lu tio n s i s  a d i f f i c u l t  subject 
which does not even yet appear to  be thoroughly understaod.
There i s  an in te re stin g  note in  "Advances in  Enzymology, 
Henry B. B u ll."  1941. i t  i s  sta ted  "V iscosity seems to  
depend to  some extent on the asymmetry of the p rotein  
m olecu les."
T h is  may have a  b e a r in g  on f ib r in o g e n  and w il l  be 
d is c u s s e d  l a t e r .
The r e la t iv e  v is c o s i t ie s  of water and plasma are given  
as 1 to  1*7 to  2. (Thorpe.) Plasma here I take to  be actual 
undiluted  plasma.
In my experiments the plasma was that obtained from 
Q itrated blood; one of c itr a te  to  four of b lood. The 
d ilu tio n  of the plasma by the c itr a te  w in  presumably 
reduce i t s  v is c o s ity .
not having f a c i l i t i e s  for the proper s c ie n t i f ic  
estim ation of v is c o s ity , I f e l l  bank on one of the dimple 
ones used for estim ating the v is c o s ity  of whole blood.
B ,
A.
V i s c o s i m e t e r  o f  D enning  an d  W atson .
Above i s  a  r e p r e s e n t a t i o n  o f  t h e  v i s c o s i m e t e r  t r i e d .
I t  c o n s i s t s  o f  a  U sh a p e d  tu b e  w i th  a  h a i r  l i k e  b o r e .A t  t h e  
t o p  o f  one end i s  a  cup sh a p e d  o p e n in g  f o r  r e c e i v i n g  t h e  
b l o o d  ; i n  t h e  o t h e r  l im b  t h e r e  i s  a  d i l a t e d  p o r t i o n  o f  t h e  
b o r e  w i th  a  mark a b o v e  a n d  b e low  i t .
The t im e  t a k e n  by t h e  b lo o d  t o  p a s s  from  t h e  lo w e r  t o  t h e  
u p p e r  mark i s  t a k e n  a s  a  m easu re  o f  t h e  v i s c o s i t y  o f  t h e  
b l o o d  a s  com pared w i th  t h a t  o f  w a t e r .
My tu b e  was m arked 3«5 s e c s .  ; t h e  t im e  t a k e n  by n o rm a l  
b l o o d .  The r e l a t i v e  v i s c o s i t y  o f  p lasm a and w ho le  b lo o d  i s  
g iv e n  a s  1*7 t o  2 an d  3 -6  t o  5'4-« say r o u g h ly  one t o  t h r e e .
The c i t r a t e d  p lasm a may be  t a k e n  a s  somewhat l e s s .
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This meant that the c itr a te d  took about a second to  pass 
between the marks. What between g e tt in g  the plasma in to  
the tube with hand and using a stop watch with the other 
the ra p id ity  of the flow precluded any accurate observation .
i t  was then thought that i f  p a r t ic le s  could be g o t, such 
as would sediment c lean ly  and in  a reasonable tim e, these  
might be used to  compare th e ir  sedimenting time in  d ifferen t  
plasmas and so might be used as a measure of the r e la t iv e  
v is c o s i t i e s .
Several substances were examined.
Mag. o a r b .le v is  sedimented w ell in  water and in  a fa ir ly  
reasonable time but the p a r t ic le s  were d i f f ic u l t  to  colour.
Red precipJ^tedFerric oxide and ca lcined  Ferric oxide 
were both tr ie d  but no amount of lev ig a tio n  would g ive a 
p a r t ic le  with the desired  q u a lit ie s .
J£$olin was next dried . Even with a considerable amount 
of lev ig a tio n  there was s t i l l  some cloudiness in  the upper 
la y er . I t  had the advantage that i t  coloured w en  with  
methylene b lue, the negative charge on i t s  p a r t ic le s
y
absorbing the p o s it iv e  ones of the M ethlene*blue. ih i s  
' presumably rendering the p a r t ic le s  n eu tra l.
Some experiments were done with th is  and though not very 
con clusive, are d e ta iled  la te r .
31
I t  was then considered i f  i t  might be p o ss ib le  to  use 
red c e l l s  them selves, preserved in  some way, say with 
Mercuric p erch lorid e. A varia tion  of th is  suggested i t s e l f  
through the knowledge that the red o e l l s  are agglu tinab le  
by the action  of Tannic acid  and the fo llow ing  procedure 
was adopted.
To about 12 cc . of a suspension of red c e l l s  in  normal 
sa lin e  were added about ten drops of a fre sh ly  prepared 51° 
so lu tion  in  sa lin e  of Tannic acid . The Tube was shaken 
vigorously  to  break up the larger clumps and allowed to  a 
sediment. The supernatant f lu id  was p ip etted  o ff  and the
c e l l s  washed free  o f the Tannic acid  cen trifu gin g  gen tly  
severa l tim es in  sa lin e .
A saturated so lu tion  of Mercuric perchloride was then 
added and the c e l l s  shaken up in  th is .  After about h a lf  an 
hour the c e l l s  were washed in  several changes of sa lin e  and 
then kept in  t h is .  They keep w ell for  a long tim e.
In u se , when a suspension of them i s  cen trifu ged , they 
form a firm  deposit at the bottom of the tube and the super­
natant f lu id  can be poured o f f .
These preserved red c e l l s  g ive  a colourable im ita tion  of 
the clumps seen in  hig£ sedimentation ra te s .
Yeast o e l l s  being about the same s iz e  as red c e l l s  and 
more e a s ily  obtainable were considered as a su b stitu te  but i t  
was/
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was found that they were d i f f i c u l t  to  colour and curiously  
enough they did not agg lu tin ate  even with strong concen­
tra tio n s  of Tannic acid . The membrane of the yeast c e l l s  
ev idently  d if fe r s  in  i t s  make up from that of the red c e l l .  
That yeast c e l l s  can agg lu tin a te , i s  shewn by the fa c t  that 
in  brewing, a fter  a certa in  stage, the yeast c e l l s  
agg lu tin ate  and f a l l  to  the bottom. The u ltim ate cause of 
th is  agglu tination  i s ,  l ik e  that of red c e l l s ,  s t i l l  
im perfectly  known.
A standard was thought of with which to  conpare the 
r e su lts  obtained with various plasmas and two c o llo id  
so lu tio n s were tr ie d .
so lu tion  of g e la tin e  was u n sa tisfa c to ry . was the 
same. The preserved c e l l s  hung in the so lu tion  and did not 
sediment.
5$ so lu tion  of gum arabic was u n sa tisfa cto ry  for the  
same reason.
Instead, pooled p lasaa was used.
Experiment. 1.
Case 48 . E.S.R. 1 hr. Westergren. 15
Two ca p illa ry  tubes were put with A «B .P lasaa and
Kaolin suspension; two of plasma to  one of Kaolin  
suspension*.
Two others s im ila r ly  but with p a t ie n t 's  plasma. 
Sedimentation of the heavier p a r t ic le s  took about two 
hours to  a tta in  a c lear l in e  of demarcation. Upper 
haze took about 24  hours to c lea r .
Result in con clu sive . Uo far as could be judged the 
rate o f f a l l  seemed to be the same in  each case.
One d if f ic u lty  and p ossib le^ of error was, that in  
mixing plasma and suspension in the watch g la s s e s , even in  
the short in terva l between mixing and f i l l i n g  the tubes, 
there was a certa in  amount of sedim entation of the larger  
p a r t ic le s .
Experiment. 2.
Case. 8 . E.S.R. 1 hr. Westergren. 56.
Equal parts of p a t ie n t 's  plasma and Kaolin suspension  
Equal parts of B. plasma M
Capillary tubes used.
P a tien t's  put up 6 .45  P.M. read 10.25 P.M. = 4 mm.
B. plasma " 6 .46 " 10.39 u - 3*5 mm
In both tubes there was a good deal o f haziness above the 
so lid  d ep o sit .
One or two experiments of a sim ilar nature were tr ied  and 
with somewhat sim ilar  r e s u lts . As far as could be judged 
there was no d ifferen ce  but the r e su lts  were considered as 
being u n sa tisfactory .
A point of in te r e s t  was that a fter  the tubes had stood 
for about a week, the upper part of the deposit became w hite. 
This, when treated  with Hydrogen peroxide, regained i t s  blue 
colour. E ffect of l ig h t  or vitam in 0 ?
Experiment  3.
Case. 58. E.S.R. 1 hr. Westergren. 91. .
10  cc . of preserved c e l l  suspension were divided in to  
two equal parts and centrifuged . This l e f t  about 
0 * 7 5  cc. of c e l l s  in  each tube.
To one were added 2 cc . o f the p a tie n t 's  plasma,
to the other, 2 cc. Group B. pooled plasma.
Westergren tubes, 200 mm. column used. 
ttesu lt.
Sedimentation. 1 hr. 2 hrs. 6 hrs.
p a tien t 6 . 2 0 . 1*00
Pooled plasma 5# 20. 100.
The only d ifferen ce  i s  that the patient's tube sediments 
a l i t t l e  more c lea n ly .
Experiment 4 .
Case. 59. E.S.R. 1 hr. Westergren. 78.
About 0*3 cc . of c e l l s  was used th is  time and 2 cc. 
each of the plasma. A.B. plasma was used, 
Westergren tubes. 200 mm. column.
Result
1JMU.
P a tien t. 10.
A.B.plasma 12.
Both hazy; no c lea r  lin e  of demarcation.
A J X
P a tien t. 162.
A.B. Plasma See note.
In the p a tie n t's  tube there wsra a fa ir ly  w ell marked l in e  
of demarcation. In the A.B. tube there was haze, shading
from top to  bottom. No lin e  of demarcation.
Experiment 5.
Case. 54. E.S.R. 1 hr. Westbergxien. 7 5 .
Same procedure but A. pooled plasiMLUsed. 2 cc. 
of plasma to  about 0*5  0 0 • of c e l l s .
R esult.
1 hr. l -£ hour. 2 hrs. 
P atien t - 72. 8 6 . 9 3 .
A. plasma 50. 6 6 . 7 8 .
The A. plasma tube was hazy and the readings were an estim ate,
At 1-| hours, the p a tie n t's  tdbe shewed a clear l in e .
36.
Experiment .  6 .
Case. 29. E.S.R. 1 hr. W estergren. 22«5.
In  t h i s  case only 0*9 oc. of th e  p a t i e n t ' s  plasma 
was a v a i la b le  and whfeflv about 0*25 co of c e l l s  
was used.
Pooled A.B. plasma was used.
The Westergren tubes were f i l l e d  to  a column of 170 mm. 
R e su lt .
Sedim entation. 1 h r .  l |  hours. 2 h rs .
P a t ie n t  64. 75. 85.
A.B.Plasma. ,69. 87. 95.
These read in g s  are th e  ac tu a l  read ings on the  tu b e s .
The r e su lt  of these various experiments are, I think, 
inconclusive.
There are one or two p o in ts to  be considered.
I am not aware to what extent the sedim entation of 
p a r tic le s  in a c o llo id  so lu tio n  may be a measure o f i t s  
v is c o s ity . The preserved red c e l l s  mentioned, sediment 
fa s te r  in water than in plasma, in a r a t io  much more than 
the figu res given as th e ir  r e la t iv e  v is c o s i t ie s .
In comparing d iffe r e n t plasmas th is  might not matter but 
there are other consideration . For instance what is  the 
charge on the red c e lls *
I n /
In the Kaolin experim ents, the negative charge on the 
Kaolin p a r t ic le s  may he presumed to he n eu tra lised  by the 
p o s it iv e  charge on the methylene blue but there i s  the 
shape of these p a r t ic le s  to be taken in to  account as w ell.
M icroscopical examination shews them to  be rather Jagged 




Of a l l  the co n stitu en ts  of the plasm a,the one which i s  
regarded as having the most in fluence on the varia tio n  of 
the sedim entation r a te , i s  fibrin ogen , though as yet i t s  mole 
of action  i s  unknown.
Fibrinogen i s  one of the long molecule p ro te in s and has 
some in te r e s t in g  re la tio n sh ip s .
. "When we consider that the fibrous p ro te in s of the  
epidermis, the keratinous t is s u e s ,  the ch ie f muscle p ro te in , 
myosin, and now the fibrinogen  of the blood, a l l  spring from 
the same p ecu liar shape of molecule and are therefore probably 
a l l  adaptations of a s in g le  root idea , we seem to  glimpse one 
of the great oo-ordinating fa c ts  in  the lin eage of b io lo g ic a l  
m olecules".
(Astbury e t  alt*."mature", June 26th. 1943*)
i  take two other statem ents.
"Tissue injury and inflammation stim ulate fibrinogen  
production".
(Thorpe)
"The main factor producing an increased sedim entation
r a t e -------------- i s  the exten sive destruction  of body c e l l s
which occurs in  in fe c t io n s  and to x ic  conditions" .
(Whitby and B ritten)
These may be linked together b y .th e statem ent,that in  most 
of these conditions there i s  wasting of m uscles. The break -
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down of muscle c e l l s  in to  th e ir  elements must lead  to  the 
lib er a tio n  of the b asic  m olecules referred  to  by Astbusy 
and i t  i s  an in te re stin g  speculation  as to whether these  
m olecules are u t i l i s e d  in  the formation of the extra  
fibrinogen  which i s  found in  the plasma of these ca ses.
The la t e s t  work which I can fin d  bearing on the action  
of fibrinogen as a ffe c tin g  the sedim entation ra te  i s  a paper 
by O.M.uordon and J .R .W ardly,entitled "The E ffec ts  of the 
Plasma P rotein s upon the Sedimentation of Human Blood".
(The Biochemical Journal. Sept. 1943.)
This i s  a very thorough and ingenious in v estig a tio n  and 
must have meant great labour.
1 quote.
"From the work of Fahraeus (1929), T iffeneau and 
Gysin (1937) smd Frase* and Hennie (1941), i t  i s  known that 
the ra te  of sedimentation i s  determined by the protein  
co n stitu en ts  of the plasma, but no clear corre la tion  has been 
yet found between the observed ra te  and the q u a n titie s  of 
the various fra ctio n s."
"in th is  paper the problem has been tack led  by 
build ing  up •pathological plasma with protein  fra c tio n s  
iso la te d  from normal plasma and observing the behaviour of 
normal c e l l s  suspended in  them".
"The experiments were done in  Westergren type tubes 
of 200  mm. column and 2*5  to  3 bub* bore."
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Summary.
*1 . xhe p ro te in s from normal plasma were separated in to  
9 fraction s,an d  the ra te  of f a l l  of a 20% v o l.  of erythro­
cy tes  in  Yp so lu tio n s of the p ro te in s during- was found to  
range from 100  mm. for fibrinogen  to  1*5  for to ta l  albumin.
“2 , ihe fra c tio n s were combined in  equal amounts using  
39  p a ir s , ihe action  of the fa ster  fr a c t io n s , fibrinogen  
and euglobulin , i s  in h ib ited  by the slow n ucleo-prote id  and 
globoglycoid .
tt3. A r t i f ic ia l  p a th o log ica l plasma b u ilt  from these  
fra c tio n s gave sedimentation ra tes sim ilar to  those of 
comparable m ateria l. 0
D iscu ssion .
"From th is  se r ie s  of experiments we conclude that the power 
of sedimentation i s  not con tro lled  by the absolute concentra­
tion  of e ith er  the to ta l  plasma p ro te in s or the p rotein  
fra c tio n s  but by the in h ib itio n  of one p rotein  by another'?.
Which so far as the question of the u ltim ate mechanism of 
sedimentation goes, seems to  me to  leave the matter where i t  
was.
Some remarks may be made on th is  paper.
With regard to  the separation of the plasma^ p rotein  
fra ctio n s and th e ir  build ing bp again in to  other p lasm af,th is  
may not be quite so simple a matter as i t  look s.
" it i s  h igh ly  probable that in the l iv in g  animal there i s  
only one plasma p rotein  which i s  a la b i le  complex u n it d isso c ­
ia ted  in to  commonly iso la te d  p ro te in s.b y  physico-chem ical 
treatment such as sa lt in g  out".
"Whatever the true nature of tne p ro te in s of serum, recent 
work leaves no doubt that we must consider them as a l ia b le  
system in  a d e lic a te ly  balanced equilibrium  and not as 
severa l d is t in c t  and sta b le  chemical in d iv id u a ls  mixed in  
solution" .
(xhorpe.)
in  view of th is  statement i t  i s  d i f f ic u l t  to  comprehend 
Para. 3* of the above summary. Plasma b u ilt  up from fra c tio n s  
can hardly be the same as actual plasma found in v ivo , and yet 
they are said  to  g ive  sedimentation ra tes  sim ilar to  those  
of conqoarable natural plasmas.
One would have lik ed  i f  the Authors had! d iscussed  certa in  
other m atters; for in stan ce, the e f fe c t  of the presence or 
absence of agg lu tin in s, sp e c if ic  or otherw ise, in  the b u ilt  
up plasmas.
A more important omission to  my mind i s  the absence of any 
d iscu ssion  as to  the part played by the red c e l l s .
i t  i s  merely sta ted  that washed c e l l s  were used. There i s  
no mention as to  how often they were washed or to  th e ir  
p hysica l condition a fte r . Were they crenated? i t  i s  known 
that other le s s  obvious changes occur. For instance  
agglutinogens may be p a r t ia lly  removed or th e ir  action  
impaired.
An in d ica tio n  as to  whether aggregation of the c e l l s  took 
p lace  during the more rapid ra tes  would have been of in te r e s t .
Apart from these remarks, what struck me was the fa c t  of 
the rapid sedim entation which took p lace in  the fibrinogen  
fra c tio n  so lu tion  though the strength of th is  was ten tim es 
that of normal plasma -  31° sis against about 0 «3$> for normal 
plasma.
There has been some d ifferen ce  of opinion as to  the  
corre la tion  between the amount of fibrinogen present in  the 
plasma and the sedimentation ra te .
"U illigan and Ernstone (1934 ) &nd Oakley (1938) have 
observed a c lo se  r e la tio n  betwedb plasma fibrinogen  and the  
rate of red c e l l  sedim entation; th is  i s  the commonly accepted  
explanation of increased sedimentation though Brown and Munro 
1934 found no re la tio n  at a l l  between plasma fibrinogen  plasma 
content and sedimentation r a t e .u
(Whitby and B r itte n .)
t o  s a t is fy  myself on th is  point I made a se r ie s  of estim ­
a tion s of fibrinogen content and the corresponding sedimen­
ta tio n  r a te s .
X g ive p a rticu la rs  of the method adopted and the r e s u lt s .
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My f i r s t  estim ations were made by the b iuret method, using  
the Lovibond Comparator, here the fibrinogen  i s  obtained from 
the plasma by a method which w i l l  be described la t e r ,  and 
d isso lved  in  Sodium hydroxide so lu tion  and then a so lu tion  of 
copper sulphate added.
The re su ltin g  p r e c ip ita te  i s  brought down in  the c e n tr i­
fuge and the supernatant coloured f lu id  compared with the  
colour d isc s  in  the comparator.
This method i  found u n sa tisfa cto ry ; the b iuret colour 
seemed to  vary and the f in a l  shade was so l ig b t  that compar­
ison  was d i f f i c u l t .  My r e s u lts  were obviously not r ig h t .
The Tintometer people say themselves in  th e ir  d escrip tion  
of the method "Though c lea r ly  i t  cannot g ive  quite the same 
degree of p rec is io n  as the use of a good q uality  plunger type
c o lo r im e te r --------- ".
A colorim eter was next used. The instrument i s  a K le tt -  
Bio colorim eter using 5 cc . cups. A substage illum inator which 
provides neutral l ig h t  was used in  a l l  estim ations.
This instrument i s  i l lu s tr a te d  and described in  c o l e ’s 
P ra c tic a l P h y sio lo g ica l Chemistry. ed it io n . 1941.
The method adopted was that of Wu as described in  Cole 
7 th . ed itio n . 1 9 2 6 ,
The standard used i s  Tyrosine, This i s  d isso lv ed  in  jn/ 10 
Hydrochloric acid and contains 0*2 mg. tyrosin e in  1 cc .
The p lasm a i s  o b ta in ed  by c e n t r i fu g in g  th e  c i t r a t e d  b lo o d  and
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p ip e tt in g  o f f .
1 cc . of plasma i s  added to  28 c c . of normal sa lin e  and 
mixed. 1 cc . of 2 *5$. so lu tio n  of ualci^.m ch loride i s  added, 
mixed and allowed to  stand for twenty-m inutes. (In the B iuret 
method i t  i s  advised to  keep 3 7 °C. for h a lf  an hour.)
in  my estimation? i t  was kept in  the incutator at 37°u . 
for one hour in  a l l  ca ses .
This was aone in  a large b o ilin g  tube. After standing for 
the hour, the tube i s  shaken s l ig h t ly  and a f in e  g la ss  rod i s  
introduced. A gen tle  w hirling motion i s  imparted to  th is  and 
the f ib r in  adheres to i t .  Any which does not i s  e a s ily  picked  
up. i t  i s  allowed to  drain for a l i t t l e  and i s  then slipped  
o ff  on a folded  f i l t e r  paper.
The f ib r in  i s  transferred  to  a 15 cc . cen trifu ge tube 
containing 4cc . of Sodium hydroxide so lu tion  ( Vjo ) .
The tube i s  placed in  a beaker of b o ilin g  water and the 
contents s t irred  u n t i l  the f ib r in  i s  com pletely d isso lv ed . 
Water to  10 cc . i s  added and mixed. I f  so lu tion  i s  not clear  
i t  i s  centrifuged .
The supernatant f lu id  i s  transferred  to  a 25  cc . 
volumetric f la sk  la b e lled  F. and cooled under the tap . L cc . 
of 5$> Sulphuric acid i s  added.
t o  another 25  cc . f la sk  la b e lled  S. i s  measured 1 cc . 
of the standard tyrosine so lu tion  and 15  cc . of water.
t o  each f la sk  i s  added 0*5 cc . of Wu‘s reagent and 3 cc .
m
of saturated so lu tion  of Sodium carbonate, (fn  my estim ations
1 used Folin  and u io c a lte u (s  reagent which i s  somewhat sim ilar  
to  Wu*s but keeps b e t te r .)
xhe f la sk s  are shaken and made up to  the 25  c c . mark with  
water. They are allowed to  stand for f i f t e e n  minutes or u n t i l  
the colour develops, in  my case they were allowed to  stand 
for about an hour.
The solutions are p laced in  the colorim eter cups and the  
tyrosin e standard i s  se t  at 20 mm.
C alcu la tion .
1 mgm. tyrosin e * l6*4 mgm. of F ibrin ,
i f  standard i s  at 20 and the f ib r in  reads at F mm. then an
20
amount of f ib r in  in  1 c c . * F x 0*2 x l6*4 . mgm.
So gms. in  100 cc . =
in  a l l  my estim ations i  have taken the average of 
ten  readings.
The fo llow ing are the r e s u lt s .
flote. J5
The correcting factor  of 4 had of course to  be used.
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1 hr. Westergren Readings and Fibrinogen uontent.
1 hr. Westergren. Fibrinogen.
oase. 4 . 30 1 2 :4 2 . 23- o *47£.
n 8 . 27 8 :4 2 . 75 . 0*756.
n If • 27 9 :4 2 . 73 . O ' 52 56
n II • 18 1 1 :4 2 . 59- 0*556
n II • 25 1 :4 3 . 57- 0*4856
it n• 6 5 :4 3 . 6 9 . 0*656
it n • 23 6:43 5 6 . 0*5156
ft 15. 11 6 :4 3 . 6 . 0 * 3756
V l6> 28 8 :4 2 . 1 6 . 0*31%
It 2 0 . 17 5 :42 . 33- 0*6656
n ft 14 •CM••o\ 37- 0*6656
n ft 30 1 1 :4 2 . 33- 0.456
ft ft 4 1 0 :4 3 . 17 0-4156
n 29 . 15 1 1 :4 2 . 76- 0*4956
* ft 1 8 :4 3 . 2 2 . 5 . 0*3656
« 31 . 26 8 :4 2 3 . 0 ' 1>2$
* 34 . 18 9: 4 2 . 1 1 . 0*5656
n 3 5 . 19 9: 42 . 7 . 0*5$
ii 39- 5 12:42  . 1*25 0*3156
« ft 28 4 :4 3 . 1 . 0*3156
it V 2 2 :4 3 . 1 -7 5 . 0*2756
h 4 1 . 2 0 ,.*. 4 :4 3 . 5- 0*28$
over
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1 hr. Westergren Reading*3 and i'ibrinogen u anten t. (cn 11
1 hr, Westergren. Fibrinogen.
oase . 42. 22: 4:43 . 9 . 0*37%
n 43. 27: 4:43* 1 . 0 * 2 6  f>
it 44. 30: 4 :43 . 1 . 2 5 . 0*31$
M 46. 9: 5:43s 19- 0  • 45°jo
II 47. 11:5: 43. 5. 0  • 2"[°/o
It 48. 15: 5:43; 5 . 0*35£
II 49- 18: 5:43 . 13. 0*37$
w II 29: 9:43. 1 2 . 0»33#
n 50. 25: 5:43. 5*5. 0*32f»
B 51. 12: 6:43. 3. 0*28$
n 52. 1 6 : 6 :43 . 17. 0.33^
« 53. 13: 7:43. 15. 0'3$>
n It 18:12:43. 5 . . 0 - 27ft
n 54. 11: 8:43. 75. 0*41£
n n 6 : 9: 43. 30. 0*36$
ii 55. 18: 8:43 , 3. 0*25$
V 56. 5: 9:43- 108. 0*71#
n II 25: 9 :43 . 114. 0 *6 8 $
B s tt 26:11:43. 83. 0 . 67 /.
ii 57- 21: 9:43. 24. 0-37*.
« 6o . 16:12:43. 2*5- 0*32$
B 6 l . 18: 1:44. 23. 0 *45^
On the fo llow ing page i s  given a comparison of these  
1 hr. Westergren readings and the resp eo tive  fibrinogen  
contents in  the ascending order of the Westergren readings.
Westergren. Fibrinogen. Westergren. F ibrinogen.
1. 0-31% 17 . 0 - 3 3 %
1. 0 - 26% 1 7 . 0*4156
1 - 2 5 . 0.3156 19 . 0-4556
1*25. 0.3156 2 2 . 5 . 0*3656
1 -7 5 . 0*2756 23 . 0.4556
2 -5 . 0.3256 23 . 0*4756
3 . 0*3256 2 4 . 0*3756
3 . 0*2656 3 0 . 0 . 36%
3 . 0*2556 33 . 0*456
5 . 0*2856 33- 0*6656
5 . 0*2756 37- 0*6656
5- 0*35$ 56 . 0.5156
5 . 0*2756 57- 0*4856
5*5. 0*3256 59 . 0*556
6 . 0*37% 6 9 . O.656
7 . 0*556 73 . 0*52$ .
9 . 0*37# 75 0*4156
1 1 . 0.5656 75 . 0.756
1 2 . 0*33# 7 6 . 0*49#
13 . 0*3756 83- 0.6756
15- 0*356 108 0 *71#
1 6 . 0*3156 114. 0 *68#
Though th is  i s  not a large s e r ie s , 1 think i t  i s  s u f f ic ie n t  
to  show fa ir ly  c lea r ly  that there i s  no d irect corre la tion  
between the sedim entation ra te  and the amount of fibrinogen  
present in  the plasma.
The higher ra tes  are accompanied by an increased  f ib r in ­
ogen content, sometimes to  almost double the normal amount, 
but th is  in  i t s e l f  of course can not be accepted as a proof 
that the fibrinogen ,per se , i s  the cause of the higher r a te s .
The lack of a clear corre la tion  between the two would 
a lso  point to  a somewhat sim ilar conclusion.
The average fibrinogen content of normal blood i s  given  
between various l im it s .
Thorpe g iv es  the fig u res £)*2^
TV
raking up to s ix  as the upper normal^average lim it  in  men 
and women then the average of my f ig u r e s?up to th is ,  works out 
at 3
in  the course of my in v estig a tio n  i  have had the p r iv ile g e
of being supplied with c itr a te d  plasma by Professor D.F.
Cappell of U niversity  College,Dundee. The proportion of c itr a te  
in  th is  has been the same as in  the Westergren technique.
i  g ive the r e su lts  of the estim ation of the fibrinogen  
contents of these plasmas.
A.B. plasma from two donors. 25:11:42.
A. attd o . pooled plasmas 25: 5:43.
B. pooled plasmas 1 5 . 6:43.
R esu lts .
colorim eter readings.
A. B. A*B. 0 .
33*7- 25 - 7 .  33*7 . 2 3 . 8 .
3 3 .4  25*2. 3 3 . 24*2.
3 3 . 5 . 25*3. 32*3. 24*2.
3 3 . 3 . 25*7* 3 2 . 7 - 24*3*
3 3 . 2 5 . 5 . 32*- 2 4 .2 .
33*1. 2 5 . 2 . 31,3 . 2 4 .3
3 3 . 3 . 2 5 . 5 . 3 2 .-  2 4 .4 .
33*2. 26*5. 32*1 24*1.
33. 25*1. 31.8 24.
-5-5*2 25*2. 32.1  24.
3 3 2 . 7 . 2 5 5 *0 . 323*2 * ? 4 i .5 :
33*3* 2 5 . 32*3* 24.
Fibr inog en. 0 orr eo ted .
0 -250, 0 -31%. 0 *2% 0 *33%
Average of the four -plasmas.
0*28$
From the above fig u res  and my own cases i t  would appear that 
the average fibrinogen content of plasma (normal) i s  about
9*3%*
in  the fo llow ing are d e ta i ls  of a few experiments done 
on the in flu en ce of fibrinogen in  sedim entation.
t>3.
E x p er im en t 1 .
u aae. 29.
19:7:42.
Case of tuberculous p le u r isy .
Blood was taken in  c itr a te  from one arm for the 
Westergren t e s t .  From the other argn was taken actu a l 
blood. (4 co .)
This was whipped with a p ipe cleaner and the 
f ib r in  remowed.
R esu lt.
E.S.R* 1 h r .
O itrated Blood.
Westergren tube. 9 6 .
ca p illa ry  tube. 1*4 mm. diam. 42.
D efibrinated  blood.
Westergren. 43.
ca p illa ry  tube. 1*3 mm. diam. 4*5.
Something seems to  have ©one wrong with the 
c a p illa ry  tube.
Oonparison of the two bloods put up in  ca p illa ry  
tubes of opsonic index type (7 0  mm. column.) and 
kept in  incub at or for one hour at 37°0.
R esu lt.
E.S.R. 1 hr.
O itrated blood 4 7 .
D efibrinated blood. 3 2 .
The defibrinated  blood shewed a l i t t l e  ly s i s  due to
b4.
too  prolonged whipping.
The opsonic index p ip e tte s  shew the in flu en ce of temper­
ature.
i  can not make out from my n otes whether l  made up the 
defibrin ated  blood with c itr a te  to  a comparable proportion  
or not,but in  any case the r e su lts  of the Westergren t e s t s  
seem too g rea tly  d ifferen t for th is  to  have made much 
d ifferen ce .
i t  would seem from th is  experiment that the presence or 
absence of fibrinogen has made a d ifferen ce .
ca se . 29.
5 . 7 ;4 2 .
E.S.R. 1 hr. Westergren. 95*
P leu ral f lu id  was asp irated  from th is  case, i t  was 
l ig h t  amber in  colour and c lea r . Part was reta ined  in  i t s  
o r ig in a l cond ition ,part was trea ted  with 3 *8$ c i tr a te  
-  one of c itr a te  to four of f lu id .
O riginal f lu id . p/H. 7*6.
O itrated = p/H. 7*6.
The red c e l l s  were reta ined , washed in  sa lin e  and used  
in  the fo llow ing experiment. They were put with various 
flu id s,a b o u t one of c e l l s  to  three of the p articu lar  
f lu id .
ca p illa ry  lymph tubes were used. JO mm. column.
5b.
K esu lts.
e . s .r . i  fay*
A* O riginal o itra ted  blood, 42*5.
B. formal sa lin e , 2,
0 , O riginal p leu ra l f lu id  le s s  c lo t .  1*
D. o itr a te d  p leu ra l f lu id . 1 5 *
E. Plasma heated for 1 hr. at 6o°C. 4 9 ,
u . ib is  tube sbews in d ica tion  of some agglu tination
graduating from top to  bottom,
D, iop 1 mm. c le a r , next 14 mm. a l i t t l e  hazy.
E. Appearance of s lig h t  agg lu tination  in  upper part 
of tube.
Microscope examination a fter  6 hours.
A. C ells  irregu lar in  shape, some crenated. ttood deal of 
p s eudo-agglut inat i  on.
B. c e l l s  d isc r e te , globular crenated.
c .  Some small deformed rouleaux. Some d iscre te  c e l l s  with 
clear o u tlin e , no b i-concavity  on top view, a l i t t l e  on 
side view, Some pseudo-agglutination .
D. Some c e l l s  round clear o u tlin e , others globular crenated. 
£io, b i-co n ca v ity . Some pseudo-agglutination , 
i t  would appear that the f a l l ,  15  mm. with the c itr a te d  
f lu id  as compared to  that of the f lu id  le s s  c lo t ,  1  mm. 
migbt be due to the presence of fibrinogen , 
xhe case of the heated plasma i s  a l i t t l e  d i f f i c u l t  to  
understand. Fibrinogen i s  coagulated at 5 6 ® C. one would
5 b .
have expected a reverse e f f e c t .
A p oin t of in te r e s t  i s  the e f fe c t  of the p leu ra l f lu id  
on the red c e l l s .  As with the hydrocoele f lu id  p reviously  
mentioned,the crenated globular c e l l s  are restored  to  shape 
and even the formation of roule6\px takes p la ce .
in  another case of simple p leu ra l effu sion  my experiment 
went astray.
i  c o lle c te d  some of the f lu id  in a Heparinised tube to  
prevent the separation of the fibrinogen , but i t  had no e f f e c t .  
The f ib r in  c lo tted  ';j^st the same.
i  wrote B.D.h. about th is  and they r e p lie d :-
"We would now inform you that we understand the mechanism 
of coagulation of p le u r it ie  f lu id  d if fe r s  m ateria lly  from 
that for the coagulation of blood, and that although heparin 
i s  e f fe c t iv e  in  in h ib itin g  the coagulation of blood i t  i s  
almost u se le s s  for in h ib itin g  coagulation of p le u r it ic  f lu id . 1
An in te re stin g  point in  connection with fibrinogen  i s  the 
fa c t  that i t  can be absorbed from plasma by K aolin.
i t  i s  said  that 6 to 10 g .  of 'Kaolin absorbs p r a c t ic a lly  
a l l  fibrinogen from 100  cc . of plasma.
What happens here i s  not exactly  known. i s  i t  that the 
fibrinogen molecule ca rr ies  a p o s it iv e  charge? Or i s  i t  due 
to  the p h ysica l character of the long chain molecule of the 
fibrinogen as opposed to  the round m olecules of the other
57 .
Proteins? Or i s  there an enzyme system attached to  the 
fibrinogen?
Some time before i  was aware of th is  fa c t  i  had d&ne the  
fo llow in g  experiment.
Experiment. 3.
Adsorbment experiment with B „ plasma.
One part of c o llo id a l kaolin  was mixed with two p arts of
B. plasma (by volume) and allowed to  stand at room temperature 
for two hours, the mixture was then centrifuged  and the clear  
plasma p ip etted  o f f .
C a p il la ry  lymph tubes 1 •36 mm. ou ts ide  diam eter were used, 
xhese were marked at 70  mm. and the average of two tubes was 
taken in  each experiment.
0*5  c c . of 3 *8 : c i tr a te  so lu tion  was mixed with 0 * 2  oc . 
of ny own blood and 0 * 2  cc . of the Kaolin tm ted  plasma, in  
a watch g la ss  and two tubes put up,





Same procedure but B. plasma was trea ted  with a ctiva ted  
charcoal.
56 .




Same procedure hut B • plasma treated  with Alumina.
R e su lt .
1  h r .
Untr eat ed p lasma 38 • 5 •
Alumina plasma 38 •
My own blood group i s  A. and agglu tination  was obvious in  
the mixtures in  the watch g la sse s  in  a l l  ca ses .
Agglutinin i s  ev idently  not adsorbed by any of these agents. 
These ca p illa ry  tubes g ive  somewhat uneven r e su lts  but allow ­
ing for th is  i t  i s  in te re stin g  to  note that in  the case of the 
Kaolin treated  plasma, the rate was somewhat sim ilar to  the 
untreated plasmas though a good deal of the fibrinogen  must 
have been removed,
Experiment. 4 .
10 :3-s4 3 .
In th is  and the follow ing experiment preserved  
red c e l l s  (see  Section on V iscosity ) were used.
B. group plasma (pooled) was treated  with Kaolin for  
f i f t e e n  minutes and the mixture then centrifuged . The clear  
Plasma was p ip etted  o f f .
59
5 co. of suspension of preserved c e l l s  were p laced  in  
each of two cen trifu ge tubes and centrifuged  and the super­
natant f lu id  poured o f f .
io  the deposit in  one was added -untreated plasma and to  
the other an equal amount of d efibrin ated  plasma.
ihe proportion of c e l l s  to  plasma-was about one to  f iv e ,  
ih e tubes used here were 1*3  bore with a column of 200  mm.
R esu lt .
1  h r .
Untreated plasm a. 5 *
D efibrinated plasma. 6 5 .
Experiment. 5.
10:10;43.
Same procedure with group £• plasma and preserved  





D efibrinated plasma. 8 6 .
Experiment. 6 .
9:10:43 .
B. group plasma untreated and d efibrin ated , was 
used with my own c e l l s  which were washed three tim es in  sa lin e  
ihe proportion was about one of c e l l s  to  f iv e  of
Plasma.
lubes used were Veridia, 2*4 mm. bore, 200 mm. column.
R esu lt.
1 h r . 2 h r s . 6 h r s . 24 hrs .  
lintreated plasma 4 . 12. 4 9 . 90*
D efibrinated plasma. 1. 3*5* 13* 40•
My group i s  A. and so a much fa ste r  ra te  might have been 
an tic ip a ted . Contrast the rate  in  experiment 3«
Is  th is  due to  agglutinogen being removed or i t s  action  
weakened by washing the c e lls?
Experiment. 7.
24*2*44.
10 cc . of my own washed c e l l s  in  sa lin e  were divided
in to  two p ortions of 5 00 • each and centrifuged  in  separate
tubes. After' p ip e ttin g  o ff the supernatant f lu id  th is  gave 
0*6 cc . of c e l l s  in  each tube.
D efibrinated A.B.plasma and untreated A.B, plasma were
used. Equal pants of each -  3*2 cc . -  were added to  each of
the tubes containing the c e l l s  and thoroughly mixed, 
ihe mixtures were put up in  the testin g ' tubes 
described in  the Section on Enzyme action  and with a column of 
75 mm.
R esu lt .
1 hr. 4 h rs.
Untreated plasqaa 1 . 4 .
D efibrinated plasma 2 . 6 .
6 1 .
i t  i s  a question as to  how much the red c a l l  i s  a ltered  
by repeated washing. With a few washings i t  may become 
crenated. Even i f  i t  re ta in s  i t s  shape there may be changes 
in  i t s  co n stitu tio n , unrecognisable by ordinary methods.
m  the fo llow ing experiment c e l l s  taken d irec t from 
c itr a te d  blood were used.
Experiment. 8 .
14:3i44.
i  cc . of 3*8$ c itr a te  to  4 cc . of my own blood
was used. This was divided in to  two portions of 2*5 cc , each,
which were placed in  two cen trifu ge tubes and cen trifu ged ,
ih e  supernatant plasma was p ip etted  o f f ,  leaving in  each 
tube 1*2  cc . of red c e l l s .
io  one tube were added 2*8 cc . of untreated A.B. plasma. 
to the other 2*8 cc . of defibrinated  A.B.plasma.
Part of these mixtures were tested  in  the te s t in g  tubes
described in  the Enzyme Section and part in  tubes of 1*3 mm.
The column in  the te s t in g  tubes was 70 mm. and in  the
others 200  mm.
R esu lt. (Testing tu b es.)
1  h r .
untreated plasma. 1 .
D efibrinated plasma. 1 .
over
62.
R esu lt. (1«3 mm. bore tu b es .)
1 h r . 2 h r s . 3 h r s . 4 h r s . 15h;
Untreated plasma 1. 1. 1*5- 2 . 6 .
D efibrinated plasma 1. 3* 6 . 2 3 ,
These la s t  three experiments with washed and -unwashed c e l l s  
are in  fa ir ly  c lo se  agreement and shew ,that i f  anything, the 
presence of fibrinogen ex erc ises  a retarding e f fe c t  on 
sedim entation.
More s tr ik in g ly  i s  th is  e f fe c t  shewn in  experim ents^  
and 5 , where preserved red c e l l s  were used.
The r e s u lts  in  experiments 7* a*1** 8 * 8X6 rather
str ik in g  contrast to  those of Uordon and Waxdly p reviously  
mentioned but i  am rather more in c lin ed  to  refyly on my own.
Their r e s u lts  were obtained with a r t i f i c i a l  bu ild  ups, 
mine with natural plasma; even the d efibrin ated  plasma i s  
probably more natural.
R ecalling the note mentioned in  the previous sec tio n ,
RV iscosity  seems to  depend to  some extent on the 
asymmetry of some of the protein  m olecules . 11
(Advances in  Enzymology).
This would seem to  f i t  in  with the r e s u lts  given above, 
presumably the long f ib r e  molecule of fibrinogen w in  shew 
some degree of asymmetry as conpaxed with the round or 
globular m olecules of the other p ro te in s of the plasma.
(Jon s i  dering th is  la s t  fa c t ,  the r e s u lt s  of experiments 7 . and 
8 . and the lack of co rre la tio n  "between the f ig u r es  given "by 
me of the comparison between sedim entation r a te s  and 
fibrinogen  content, i  am l e f t  with the fe e l in g  that too much 
has been a ttr ib u ted  to  the e f fe c t  of fibrinogen  and that the 
increased  content in  the plasma of bloods shewing increased  
sedim entation ra tes  i s  merely in c id e n ta l.
THE ERYTHROCYTE.
65.
i t  w i l l  be n oticed  that in  some of tbe cases reported, I 
have typed the blood group of some of the p a tie n ts , This was 
done in  case I might want to  make use of the plasma or the  
corpuscles and because of a lesson  I learned from one of my 
e a r lie r  experiments.
This arose out of my in te re st  in  case. 8 , in  whose blood  
there was present a high degree of haem -agglutinatian.
i  thought i t  might be in te re stin g  to  see the e f fe c t  of 
in ter-m ixing the c e l l s  and plasma of th is  case with the c e l l s  
and plasma of two other ca ses .
The cases were,
Case, 8 , E.S.R. 1 hr. Westergren. 116,
Case 10. E.S.R. ■ 6*5.
■ 11. E.S.R. • 45.
Experiment 1 . *
One part of washed c e l l s  to  three of plasma was used and 
put up in  ca p illa ry  tubes -  JO mm, column.
R esu lt.
1 h r .
Case. 10. C ells  with Case. 8 . plasma 0*5*
11. * * 8 . " 46.
This r e su lt  was a l i t t l e  puzzling u n t i l  i t  was remembered 
about blood groups. These were determined.
Case. 8 . Group. 0 .
■ 10. ■ 0 .
* 11. ■ A,
Later,on reading Fahraeus* o r ig in a l work, "The Suspension 
S ta b ility  of the Blood" 1918, i  found that 1 had erred in  
good company though more inexcusably.
I n oticed  that he had a sim ilar experiment in which he 
interm ingled the c e l l s  and plasma of three men and three  
women and from the absence of any reference to  blood groups 
i t  i s  evident that at that time, Fahraeus was unaware of that 
fa c to r .
A perusal of th is  work g iv es  one an idea of the in tr ica cy  
of the mechanism involved in  sedimentation r a te s .
xhe erythrocyte i s  a l iv in g  e n t ity , I t s  l i f e  has now been
extended to  about one hundred days, i t  i s  a very complicated  
p iece  of mechanism, i f  ene may be allowed to  apply that term 
to  a v i t a l  structure.
i t s  membrane i s  an involved structure and the cytoplasm  
i s  an elaborate a ffa ir  holding the haemoglobin and p ossessin g  
various enzyme systems.
Given fa irp la y  in  the matter of is o ta n ic ity  and excluding  
anything d e le ter io u s in  the medium in  which i t  i s  planed, I 
have been struck with the fa ct of how, in  sp ite  of rough 
usagp, i t  r e ta in s  i t s  in te g r ity .
The fa c t of i t s  v i t a l i t y ,  as in  other forms of l iv in g  
orgamisms, introduces a certa in  element of indeterminancy in to  
any in v estig a tio n  regarding i t s  behaviour.
6 7 .
The c e l l  w all enters in to  the problem of sedim entation, 
though i t  i s  probable that the cytoplasm a lso  may play a part 
in  a lter in g  the condition of the c e l l  membrane.
The structure of the c e l l  membrane i s  s t i l l  not yet fu lly  
understood.
I quote.
“Research in  th is  f ie ld  con sisted  in  forming mono­
layers at in ter fa ce s  composed of substances which e x is t  in  
natural membranes and in je c tin g  in to  the underlying so lu tion  
substances which are known to  react with these membranes.
"It was quickly seen in  seeking for b io lo g ic a l analogies  
between the monolayer reaction s and b io lo g ic a l reaction s that 
reaction s taking p lace at c e l l  surfaces were good examples, 
such as the c y to ly s is  of red c e l l s  and .un icellu lar animals.
"All conpounds examined that penetrate ch o le stero l 
monolayers or d isperse protein  film s haemolyse, and a l l  com­
pounds that only adsorbed on to  p rotein  film s without d isp ers­
ing them, agglu tinate red c e l l s .
"From r e s u lts  obtained i t  could be supposed th a t, since  
substances which penetrate ch o le stero l film s and protein  film s  
are haemolytic and the substances which only adsorb on to  
protein  film s agglu tinate red c e l ls ,th e r e  must be ch o le stero l  
and protein  availab le on the c e l l  surface. I t  could thus be 
imagined therefore that the c e l l  surface was a mi zed protein  
ch o lestero l film"
(Cytology and C ell P hysio logy).
o 8 .
Astbury b elieves that ”—-  the p rotein  of the red c e l l  
membrane may a lso  belong to the co llagen  group of f ib e r  
p ro te in s11.
(Advances in  Enzymology. Henry B u ll.)
These are long fib er  m olecules which may be akin to , i f  
not a ctu a lly  fibrinogen .
Astbury s ta te s  "ihe appearance of long stra ig h t f ib r e s  
rad iating from corpuscles in  the blood c lo t  strongly suggests  
that they are formed prim arily by end to  end accretion  of 
fibrinogen u n it s ”
Cflature, June 26, 1943)
This would suggest the presence of fibrinogen mblecules 
in  the c e l l  membrane on to  which the f ib r e s  accreted .
in addition to  g lu ta th ion t; part of whose funoticn  i s  
known there i s  a lso  present in  the red c e l l s  another substance 
-ergoth ioneine -  which contains the sulphur molecule (14$ S) 
and about whose function 1 can find  no mention.
(Cole, P ra c tica l P h y sio lo g ica l Chemistry) 
i t  i s  an in tere stin g  speculation  as to  whether some of the 
sulphur m olecules are u t i l i s e d  tfeo form cross linkages with  
the long fibrinogen f ib r e s , such as occurs in  the vu lcan isation  
of rubber, thus g iv ing ad d itional strength and e la s t i c i t y  to  
the ce 11  membrane.
There are two p o in ts which have struck me about the 
condition  of the red c e l l  in  r e la tio n  to  the question of 
varying sedim entation.
F ir s t ly , there i s  the suspension s t a b i l i t y  of mixtures 
of red c e l l s  and iso to n ic  f lu id s  or plasma or serum.
Secondly, there i s  the contrasting e f fe c t  of agg lu tination  
in  u psettin g  tn is  s t a b i l i t y  and causing sedim entation.
Though the suspension s ta b i l i t y  of the mixtures mentioned 
above i s  f a ir ly  w ell known, i t  may be of in te r e s t  i f  i  g ive  a 
few examples which I have done.
Where ca p illa ry  tubes are used, these have a column of 70 
ran, and the time in terv a l i s  one hour.
The blood was co lle c te d  as for the usual Westergren t e s t  
and the c e l l s  washed three tim es in normal sa lin e . The c e l l s  
were used in  the proportion o f, roughly one of c e l l s  to  three  
of the f lu id .
experiment. 2 .
Case. 16. E.S.R. 1 hr. Westergren. 22.
In sa lin e  in  ca p illa ry  tubes of d ifferen t diam eters.
1*4 mm. diameter. 1.
7 0 .
Experiment. 3. 
ca se . 16. E.S.K. 1 hr. Westergren. 22. 
c e l l s  in  d ifferen t strength s a lin e .
0 * 4 5  S a lin e . 1*
o-6 • 1 .
0 - 7 5  • 1 .
Modified Ringer Soln. 1.
Experiment. 4 . 
ca se . IS. E.S.R. 1 hr. Westergren, 3 2 .
c e l l s  in  normal sa lin e  in  ca p illa ry  tub e . 0 . 
n Hydrocoele f lu id  " 1 .
Experiment. 5.
Qase... 8 . E.S.R. 1 hr, Westergren, 8 6 . 
In sa lin e  in  c a p illa ry  tube 





Case. 29. E.S.R. l  hr. Westergren. 85, 
In sa lin e  in  ca p illa ry  tubes 
in  Hydrocoele f lu id  "
In P leu ral f lu id  from th is  case  
le s s  some separated f ib r in .
1 *2 5 .
2 ,
Hotq. The Hydrocoele f lu id  was c o lle c te d  in  a s t e r i le  
f la sk  and some of i t  was preserv ed in  ampoules which i  made 
for the purpose. i.
Before use i  te s te d  i t  for the presence of agglu tin  and 
found i t  fr e e .
An e f fe c t  of th is  f lu id  on the red c e l l s  w il l  he d iscussed  
la t e r .
m  the fo llow ing experiments A.B. plasma was used , fh is  
plasma i  received  from Professor D .F .O appell,U niversity C ollege, 
Dundee, i t  was in the proportion of one of c itr a te  to  four of 
blood. With i t ,  of course,cou ld  be used the corpuscles of any 
©roup.
In these experiments a Westergren tube and a micro-bore 
tube of 1*07  KB* bore and a column of 100  mm. were used .
Experiment. 7 . 
(Jase. 20. E.S.R. 1 hr. Westergren. 33





Experiment. 8 . 
Oase. 8 . E.S.R. 1 hr. Westergren. 5 7 .





Experiment. 9 . 
ca se . 4 . E.S.R. 1 h r. Westergren. 13.




Case. 41. E.S.R. 1 hr. Westergren. 5*




ca se . 42 . E .S .R ., 1 hr. Westergren. 8 .




case . 41. E.S.R. 1 hr. Westergren. 1.
Some c e l l s  in  A.B. Plasna, some in  an ti-d ip h th eria  
serum. Both in  Westergren tubes.
With A.B. plasma. n i l ,
With anti-dip^ serum . m il.
" if
The an ti-d ip , serum i s  in te re stin g  as being composed 
to  a great extent of g lo b u lin .
TS.
Experiment. 13.
Some in stan ces of c e l l s  in  sa lin e  put up in  ca p illa ry  
tubes and taken from cases of varying r a te s .





ca p illa ry  tube.
0*5
n 1 1 . 70$ VJI • 2,
n 15. 75$ 10*5 0 -7 5 .
* 8 . 60$ 8 6 . 2 -5 .
n II
• 70$ 105. 1 *2 5 .
« 2 . 100$ 1 -5 0 *5 .
ft 2 9 . 92$ 9 5 . 2 .
hb. estim ations are on Haldane sca le •
rh is  experiment w i l l  be referred  to  la te r .
in  sp ite  of the fa c t  that the E.S.ft. of the bloods used  
v a r ies  considerably, i t  w i l l  be n oticed  that the suspension  
s ta b i l i t y  of the mixtures i s  of a high order.
m  the hydrocoele f lu id  experiments a few very small 
rouleaux may be found but in  the others, the point to  be 
n oticed , i s  that the c e l l s  are in  the d iscr e te  cond ition .
In c itra ted  blood used in  the Westergren t e s t  there are 
rouleaux present but even with these a high suspension 
s ta b i l i t y  may be presen t, ihe s iz e  of the rouleaux does not 
in  i t s e l f  seem to  be a cause for sedimentation; i t  seems 
necessary for these to  accrete in  clumps.
in  contrast to  the high suspension s t a b i l i t y  of the 
mixtures of c e l l s  and the various f lu id s  described in  the 
foregoing experiments, i s  the e f f e c t  of agg lu tin a tion .
A« i f  a one in  twenty d ilu tio n  of red c e l l  suspension i s  
mixed with the serum of an imcompatible fclood and the mixture 
i s  quickly put up in  one of the ca p illa ry  tubes, one g e ts  a 
very good p ictu re  of the ordinary typing rea ctio n .
There i s  the usual formation of m acro-agglutinated clum ps 
and rapid sedim entation.
B. i f  c itr a ted  plasma instead  of serum, i s  mixed with 
c e l l s  of an incompatible blood and put up in  a Westergren tube, 
clumping i s  not quite so obvious but there fo llow s f a ir ly  
quick sedim entation.
T h is v a r ie s  according to  th e  groups involved.
0 . Take a cen trifu ge tube or a small t e s t  tube f i l l e d
with a suspension of red c e l l s  in  sa lin e  -  say one part of 
c e l l s  to  about ten- of s a lin e . Add a few drops of a 5$ fresh  
so lu tion  of Tannic acid  in  sa lin e  and in vert and re in vert the 
tube. There i s  an immediate reaction  as shewn by the contents 
of the tube assuming a curdled appearance. This i s  due to  
agglu tination  and on the w all of the tube at the top, where 
the contents have been in  contact, there w il l  be n oticed  
clumps of agglutinated  c e l l s  adhering to  the w a ll.
Rapid sedimentation fo llo w s:-
p. i f  to  a suspension sim ilar to  that used above, in  a 
small t e s t  tube, a few mgs. of reduced g lu tath ione are added, 
in  a few minutes, varying with the quantity of g lu tath ione  
used, there occurs agglu tination  as i s  evidenced by the 
appearance of clumps of c e l l s  adhering to  the lower part of 
the tube.
ihere i s  a lso  rapid sedim entation.
E. in  high sedimentation ra te  b lo o d s ,if  a c lo se  observation  
i s  kept on the upper part of the Westergren tube during the 
f i r s t  f i f t e e n  or twenty minutes, i t  w i l l  be n oticed  that 
the c e l l s  in  th e ir  f a l l  are forming small clumps, xh is can be 
b etter  seen i f  a hand len s i s  used -  say one of X8 .
Sedimentation i s  a lso  going on fa ir ly  rap id ly .
Oonparing the r e s u lts  of the experiments described  
previously  with what happens in  the experiments described  
above, i t  i s  d i f f ic u l t  to  escape the conclusion that agg lu tin ­
ation , in  some shape or form, must play a considerable part in  
the phenomenon of sedim entation.
And here i t  i s  necessary to  consider the question of 
agglu tination  and p resen tly , what happens in  the examples 
given above.
A g g lu t in a t io n  -  more p r o p e r ly  i s o - a g g lu t in a t io n  -  i s  th e  
term  a p p lie d  t o  a s p e c ia l  phenomenon w hich i s  n o t  c o n f in e d  t o  
r e d  c e l l s .
Taking r e d  c e l l s ,  in  iso ;r a g g $ .u tin a tic n , th e r e  i s  a lm o st  
what one miggit c a l l  a  c e r t a in  f i e r c e n e s s  o f  a c t io n .  The c e l l s  
become fu s e d  to g e th e r ,  in d iv id u a l, c e l l  o u t l in e  d isa p p e a r s  and 
c e l l  i d e n t i t y  i s  l o s t .  Though th e  membranes in  th e  c e l l  mass 
become c o n fu se d , y e t  th e  o u ts id e  c e l l  membranes must c o a le s c e  
on th e  o u ts id e  o f th e  mass s in c e  th e r e  i s  no l y s i s .
The a c t io n  i s  i r r e v e r s i b l e .
The a g g lu t in a t io n  brought about by Tannic a c id  w ould seem  
t o  be due t o  p h y s ic o -c h e m ic a l a c t io n .  C e l l  o u t l in e  in  th e  
a g g lu t in a te d  m asses i s  r e t a in e d  and th e  a c t io n  i s  t o  a  c e r t a in  
e x te n t  r e v e r s i b l e .
The c a u s e s  o f  th e  a g g lu t in a t io n  produced  by th e  a c t io n  o f  
red u ced  g lu ta th io n e  i  am n o t  c le a r  on . T h is i s  d is c u s s e d  in  
s e c t io n  V.
in  abnormal se d im e n ta tio n  r a t e s ,a g g lu t in a t io n  seem s t o  be  
due t o  two f a c t o r s ;  a g g lu t i n a b i l i t y  o f  th e  r e d  c e l l s  due to  
p a t h o lo g ic a l  c a u se s  and th e  a c t io n  o f so  c a l l e d  n o n - s p e c i f ic  
c o ld  a g g lu t in in s .  The a c t io n  i s  r e v e r s i b l e .
in  th e  ex p er im en ts  d e s c r ib e d  above th e r e  i s  no q u e s t io n  
a s  i b  a g g lu t in a t io n ,  u s in g  th e  term  in  i t s  d e r iv a t e  meaning  
o f  a d h e s iv e n e s s •
As m entioned in  c o n n e c t io n  w ith  Tannic a c id ,  i f  th e
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tube i s  inverted  and reinverted ,on  the w all of the tube where 
the suspension has been in  con tact, there are many clumps l e f t  
adhering. The suspension i f  now l e f t  to  stand, sediments 
without any clumps adhering to  the sid e of the tube,
There may be a l i t t l e  ly s i s  but the reaction  i s  to  some 
extent rev ersib le ; i f  the tube i s  shaken v igorously  some of 
the c e l l s  can be separated from the clumps.
With g lu tath ione the action  takes a l i t t l e  time to  devel­
op, but as sedimentation proceeds,clumps beging to  form and 
are seen adhering to  the lower part of the tube. The clunps 
here are evidently  more adhesive, i f  the tube i s  inverted  and 
reinverted  the suspension rev erts  to  i t s  o r ig in a l s ta te  and i f  
allowed to  stand, the same reaction  occurs again.
The reaction  i s  re v er s ib le .
In both the above in stances,m icroscop ica l examination shews 
that the clumps are irregu lar in  s iz e  and shape; the c e l l s  
adhere by any part of th e ir  surface. O ell ou tlin e  i s  not lo s t .  
Any increased apparent density  of colour i s  due to  overlapping 
of the c e l l s  in  the cluiips.
The small clumps referred  to  above as seen forming in  the 
upper part of the Westergren tube are another example of 
pseudo-agglutination but here there i s  clumping of rouleaux as 
w ell.
th a t the c e l l s  accrete as w ell, seems to  me to  fo llow  a 
p r io r i, s in ce both they and the c e l l s  of the rouleaux are 
exposed to  the same conditions which g ive r is e  to  adhesiveness.
7 b .
i f  a fter  performing the sedim entation t e s t  for an hour and 
the o itra ted  blood i s  ag ita ted  and allowed to  sediment again, 
i t  sediments at about the same ra te  again.
ihe action  i s  re v er s ib le .
There i s  a point i  would mention here. Most a u th o r itie s  
s ta te  that i t  i s  the accretion  of large rouleaux which i s  
the cause of rapid sedim entation.
Many observations by m yself of the cond itions of c itr a te d  
blood seem to  shew that th is  i s  not invariab ly  tru e .
Conditions of about equal parts of conparatively small 
rouleaux and d iscre te  c e l l s  to complete rouleaux formation  
are found and i t  has not always happened that the conplete  
rouleaux formation bloods have had the higher sedimentation  
ra te .
A gglutination in volves certa in  fundamental problems, 
such as change or e le c t r ic a l  charge at the In terface  of c e l l  
membrane and medium with which 1 am not conpetent to  d ea l.
Though the sca le  i s  grea tly  d iffe r e n t, i t  i s  tempting to  
apply to  agglu tination  the analogy of coacervates.
The fo llow ing quotation i s  from "Cytology and C ell 
Physiology". (Bourne.)
"The term coacervate —— r e fe r s  to  the structures  
formed during the slow separation of a c o l lo id  from a so lu tio n . 
Coacervates are formed of a large number of small drop lets  
which lunp together, in  a ty p ic a l c o llo id a l so lu tion  each
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p a r t i c l e  i s  s u r r o u n d e d  by c o n c e n t r i c  s h e a t h s  o f  w a t e r .  The 
i n n e r  l a y e r  i s  v e r y  f i r m l y  bound  t o  t h e  p a r t i c l e s  a n d  t h e  
s u c c e s i v e  w a te r  l a y e r s  a r e  l e s s  a n d  l e s s  s t r o n g l y  bound u n t i l  
t h e r e  i s  a  g r a d u a l  g r a d a t i o n  i n t o  t h e  f r e e  w a te r  o f  t h e  s o l .  
One can  c o n c e iv e  each  c o l l o i d  p a r t i c l e , t h e r e f o r e , a s  b e i n g  
s u r r o u n d e d  by a n  e n v e lo p e  o f  w a t e r .  Change o f  t h e  e l e c t r i c a l  
c h a r g e  on t h e  c o l l o i d  p a r t i c l e s , o r  t h e  a d d i t i o n  o f  d e h y d r a t i n g  
a g e n t s , c a u s e s  t h e  rem o v a l  o f  t h e  e n v e lo p e  o f  l o o s e l y  bound 
w a t e r , l e a v i n g  o n ly  t h e  s t r o n g l y  bound w a te r  a t t a c h e d  t o  t h e  
p a r t i c l e .  In  t h i s  way t h e  p a r t i c l e s  come i n  c o n t a c t  w i th  one 
a n o t h e r , a n d  t h e  v a r i o u s  s h e l l s  j o i n  u p .
I t  h a s  b een  m e n t io n e d  p r e v i o u s l y , t h a t  s u b s t a n c e s  w hich  
a d s o r b  on t o  t h e  p r o t e i n  e le m e n t  o f  t h e  c e l l  m em b ra n e ,cau se  
a g g l u t i n a t i o n  o f  r e d  c e l l s .  Such a  s u b s t a n c e  i s  T a n n ic  a c i d  
an d  t h i s  h a s  b e e n  d e a l t  w i t h .
I t  was c o n s id e r e d  w h e th e r  i t  m ig h t  b e  p o s s i b l e  t o  a c t  on 
t h e  c h o l e s t e r o l  e l e m e n t , s h o r t  o f  c a u s in g  l y s i s , s o  t h a t  a n  
a g g l u t i n a t i n g  e f f e c t  m ig h t  b e  p ro d u c e d  on t h e  r e d  c e l l s .
The f o l l o w i n g  e x p e r im e n ts  w ere  d o n e .
D iagram . ( C y to lo g y  a n d  C e l l  P h y s i o l o g y . )
The b i le  s a lt  Sodium Tauroglycocholate was used* This was 
d isso lved  in  normal sa lin e . Washed red c e l l s  from two cases  
were used . These were suspended in  various d ilu tio n s  of the  
b ile  sa lt  and put up in  ca p illa ry  tubes.
i t  was thought that an agg lu tination  might m anifest 
i t s e l f  as a d ifferen ce  in  the sedimentation r a te .
Experiment 14.
c e l l s  from case . 27.
R esu lt.
1  hr. 24 h re .
normal S a lin e . 1*5 41.
0*000015$ B ile  S a lt 1*75 46.
0 *0 0 0 3 . * 3 . •
00
0 . 0 0 0 5 . * 1 . 2 5 . •
CVJ
0 . 0 0 0 7 5 . " 1*5 4 7 .
0 . 0 0 1 5 . * 1*5 46-5
0 * 0 0 3  " 1 * 2 5 4 5 .5
o.®  6 * 1*5 43.
0*01. ■ 1 . 4 1 . 5 .
1 . * 0 . 0 .
M icroscopical examination of the sediment a fter  24 hr s .  
0 . 0 0 3# tube, c e l l s  a l l  d isc r e te .
1# tube. Contents are a stru ctu re less  g e l .
E x p er im en t 1 5 .
C e lls  from ca se . 28.
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After 22 hr s . the f i r s t  three tubes shew l y s i s .  The other 
three are to  a l l  appearance unchanged.
M icroscopical examination of contents of tubes.
0*01% tube, c e l l s  laked; d iscre te  and round; streaming 
fr ee ly ;  no rouleaux.
0.05$ tube. C e lls  laked; in  s in g le  layer axe in  i s l e t s  
c e l l s  touching and hexagonal in  shape; in  channels, 
c e l l s  s t i l l  discret&and streaming but shape a lte r in g .
0*1$ tube. S tructu reless red. g e l .
0*4$ tube S tructu reless red g e l .
The c r i t i c a l  p o in t  fo r  g e l  fo rm a tio n  seem s t o  be betw een  
0 *0 5 $ and 0*1$.
There i s  no evidence that agglu tination  or clumping 
occurs at any sta g e .
8 2 .
experiment. 16 .
Case. 29. C e lls  and plasma used.
The c itr a te d  plasma from th is  case was heated for  
one hour at 6o°c. c a p illa r y  tubes were used.
xhe heated plasma at the end i f  the hour was s l ig h t ly  
turbid . A certa in  amount i f  denaturation had ev id en tly  occurred 
Fibrinogen c lo ts  at 5 6 ^ .  but the appearance of the tube 
seemed to  in d ica te  that not a l l  the fibrinogen  was a ffe c ted .
R esu lt.
1 h r.
A. ordinary F.S.R , 44.
B. One of c e l l s  to  three of treated
plasma 11 •
C. * ■ sa lin e  2«5«
D. ■ * hydrocoele f lu id  1 .
M icroscopical examination of tube contents a fter  3 hours.
A. C e lls  d iscre te ; c lo se ly  packed.
B. Upper 11 mm. of tube c lea r . The lower 12 mm. i s
densely uniform, interm ediate part has the appearance 
of agg lu tination . Contents of lower part are almost 
en tire ly  composed of very long rouleaux. The very 
few d iscre te  c e l l s  are normal in  appearance, 
c .  c e l l s  a l l  d iscre te ;  crenated globular.
D. C e lls  d iscre te ;  normal in  shape; a very few small
rouleaux.
The appearance of the coarse agglu tination  in  the middle
fJknAA'ix.
part of the tube using the heated i s  d i f f ic u l t  to  understand.
8 J .
as i s  a lso  the appearance of the rouleaux and the normal 
shape of the c e l l s .
This can be p a ra lle led  by the action  of the hydrocoele 
f lu id  which i  was u sin g .
When red c e l l s  are washed in  sa lin e  a few tim es they tend  
to  become crenated and globular in  shape.
During the experiments on suspension s t a b i l i t y ,  when 
hydrocoele was being used , i t  was n oticed , on examining the  
contents of the tubes, that the c e l l s  had been restored  to  
th e ir  p r is t in e  condition . Their s iz e  and bi-concave shape 
became normal and there was even the tendency to  rouleaux 
formation.
Experiment. 17*
An experiment i s  d e ta iled , comparing the action  of A.B. 
plasma and hydrocoele f lu id .
My own c e l l s  were washed in  sa lin e  u n t i l  they were 
markedly crenated.
.The hydrocoele f lu id  was over a year old  and had been 
preserved in  one of my ampoules. The A.B. plasma was about 
nine months old but in  p erfect cond ition .
Opsonic index type tubes were used, one with the hydrocoele 
f lu id  and c e l l s  and tne other with the plasma and c e l l s .
They were kept in the incubator for two hours at 37^0.
R esu lt.
in  the hydrocoele f lu id  tube there was a small percentage 
of crenated c e l l s  but the bulk were normal in  s iz e ;  bi-concave
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in  side and fuj.1 view.
in  the A.B. plasma tube there was no change in  the crenated  
condition  of the c e l l s .
This lack of e f f e c t  with A.B. plasma had been noted before.
Experiment. 18 .
An ea r lie r  experiment done when the hydrocoele f lu id  was 
fresh  i s  described. The time allowed for sedim entation was one 
hour. C e lls  from d ifferen t cases with d ifferen t ra te s  were 
used. Put up in  ca p illa ry  tubes.
Westergren r a te . S a lin e . Hydrocoele f lu id .  
no. 1. 1 - 5 . 0*5* 3*5*
* 2 . 9 . 5 . 1 . 1 .
■ 3 . 4 5 . 5 . 1 *2 5 . 2 .
" 4 .  44. 2 .5  1 .
M icroscopical examination of hydrocoele f lu id  tube.
c e l l s  d iscrete ; normal in  s iz e  and shape; very 
small rouleaux present; no agg lu tin action . 
no. 2.
c e l l s  d iscre te ;  B ea u tifu lly  ty p ic a l bi-concave  
c e l ls ;  a few rouleaux; no agg lu tin ation . 
no. 3.
C e lls  d iscre te ; b i-con cav ity  not so c lear as in  
2; some mis-shapen c e l l s ;  some rouleaux* no 
a g g lu tin a ti on.
*&u.4.
C e lls  d iscre te ; normal shape; very few small 
rouleaux; no agg lu tin a tion .
8t>.
*■
Here again though the c e l le  were d iscre te  and somewhat 
crenated yet they are restored  in  s iz e  and shape and there i s  
the tendency to  rouleaux formation.
i  noticed  the fo llow ing in  "uytology and C e ll Physoilogy",
« ------------ i t  i s  in te r e stin g  to  fin d  that Ponder and Furchgott
have found that maintenance of the d isco id  form of the
ol
mammalian erythrocyte i s  connected with the absorption of a 
c r y s ta lliz a b le  fraction  of the serum albumin upon the  
erythrocyte. R eversible disk-sphere changes occur,according  
to  whether the albumin i s ,  or i s  n ot, present in  the f lu id  
bathing the erythrocyte n . (Pagp. J8 .)
This may be a possible* explanation of the action  of the 
hydrocoele f lu id , though i t  i s  d i f f ic u l t  to  understand why the 
plasma does not act in  a sim ilar way.
The osmotic balance between c e l l  and medium a lso  a lso  be 
restored .
S t i l l  more in tere stin g  i s  the power to  form rouleaux.
i f , a s  i  take i t , t h e  authors above,mean by adsorption upon 
the erythrocyte, adsorption upen the membrane, then the 
observation above that the p rotein  of the c e l l  membrane belongs 
to  the collagen  group would seem to  require q u a lif ic a tio n  -  
Serum albumin belongs to  the globular or round molecule type 
of p ro te in s.
8 * .
i t  i s  sta ted  that the sediment at i  on rate  i s  in fluenced  by 
the red c e l l  count and that in  anaemia the r a te  i s  increased ,
i  have not made any observations comparing haemoglobin 
content or red c e l l  counts.
HA correction  may be applied in  terms of haemglobin 
content (Gram,1 9 2 9 ) by the volume of packed c e l l s  (P ig .55 ) 
or by the red c e l l  count. The various methods for applying 
correction  for anaemia are reviewed by Gibson (1939) sad 
Schuster (1938). mo method of correction  i s  e n tir e ly  r e lia b le " ,
^Whitby and B ritten , Page 558.)
With the la s t  sentence i  am en tire ly  in agreement.
10 ta lk  of corrections for haemglobin content or red c e l l  
counts seem to  me to  be due to a misunderstanding of the 
problem of the mechanism of sedim entation, which to  me appears 
to  be one of pseudo-agglutination and of what causes t h is .
The only correction  for haemglobin which i  can think o f, 
would be for the g ra v ita tio n a l e f fe c t  of the varying amounts 
of haemoglobin present in  the c e l l s  of d ifferen t ca ses .
X dan*t think that th is  would amount to  much. A glance at 
the fig u res in  Experiment. 13. in  th is  section  w i l l  shew what 
1 mean.
instead  of red c e l l  counts i  have made a few comparisons 
of the red c e l l  volume of the blood and the Westergren 
sedimentation ra tes .
87.
The red c e l l  volume estim ations were done in  a Wintrobe 
tiaematoorit tube.
They were centrifuged  for an average of fo r ty  minutes, 
th is  being the time that constant volume was a tta in ed  by ay 
cen trifu ge.
Instead of the oxalated blood normally used with the
Wintrobe tube, I used the Westergren mixture of one of
c itr a te  to  four of blood.
T h is  of co u rse  r e q u ir e d  the c o r r e c t io n  f a c t o r  X 5 .
4
in  the f o l lo w in g  pages l  give the r e s u lt s .
The f i r s t  pagp g ives th ese  according to  ca ses .
The second g iv es  them in  ascending order of the Westergren 
ra te s .
oo
W estergren. 1 h r .
Case. 1. 7 0 .
n 8 . 116 .
n a 6 9 .
n a 6 0 .
n 2 0 . 33 .
it 44. 1*25.
a 4 5 . 6 .
a 4 6 . 1 9 .
9 4 7 . 5 .
9 4 8 . 5 .
« 49 . 1 3 .
« « • 1 2 .
50 . 5*5
n 51. 3 .
52.
ii 54 . 30 .
a 56 . 108.
ii a 9 8 .
a a 114 .
a a 7 2 .
a 57- 24 .
a 2 0 . 1 7 .
a 4 . 9 .
a 6 0 . 2*5.






32 -5  %
48%.
40%.



















On the rollow ing page th ese fig u res are arranged 
In ascending order of westergren.
9 0 .
Westergran. 1 hr .  constant Volume.













































Though the above s e r ie s  i s  not a large one, i t  seems to  
me to  shew that there i s  no d e f in ite  corre la tion  between the 
red c e l l  volume of the blood and sedmentation ra te .
i t  seems to  shew that i t  i s  not the number of c e l l s  so 
much as what happens to  them in  p a th o log ica l s ta te s .
On t h e  f o l l o w i n g  p a g e  i s  shewn a  p i e c e  o f  a p p a r a t u s  w h ich
i  made t o  s t u d y  what  h a p p e n s  d u r i n g  s e d i m e n t a t i o n .
i n  t h e  W e s t e r g r e n  t u b e  i t  i s  d i f f i c u l t  t o  s e e  w hat  i s
h a p p e n i n g  i n  t h e  body o f  t h e  blood.
The i d e a  was t o  g e t  a  chamber of  such  a  d e p t h  t h a t  t h e  
b l o o d  w ould  s e d im e n t  and  y e t  t h a t  t h e  f i l m  o f  b l o o d  w ould  
b e  t h i n  enough t o  s e e  what  was h a p p e n i n g  i n  i t .
T h i s  was done by c e m e n t in g  a  p i e c e  o f  b r a s s  1 mm. t h i c k  
b e tw e e n  two p i e c e s  o f  p e r s p e x .  T h i s  gave  a  chamber 1 mm. i n  
d e p t h .
Along one s i d e  and  t h e  b o t t o m  of  t h e  chamber a  g ro o v e  
was m i l l e d  i n  one o f  t h e  p i e c e s  of  p e r s p e x .
T h i s  a l l o w s  t h e  i n t r o d u c t i o n  o f  a  f i n e  g l a s s  p i p e t t e  f o r  
t h e  p u r p o s e  o f  f i l l i n g  t h e  chamber  and  a l s o  o f  w as h in g  i t  o u t  
a f t e r .
The f i g u r e  shews a  s l i g h t l y  i d e a l i s e d  p i c t u r e  o f  what  h ap p en s  
d u r i n g  t h e  a c t i o n  of  r e d u c e d  g l u t a t h i o n e  on a  s u s p e n s i o n  o f  
r e d  c e l l s .
D u r in g  t h e  s e d i m e n t a t i o n  t e s t  t h e r e  i s  a  c l e a r  l i n e  of  
d e m a r c a t i o n  w i t h  a  c l e a r  u p p e r  l a y e r .
i n  t h e  c a s e  o f  a  h i g h  s e d i m e n t a t i o n  r a t e  b l o o d  t h e  c lump­
i n g  w h ich  t a k e s  p l a c e  i n  t h e  body o f  t h e  b l o o d  i s  w e l l  shewn.
F u ll  Size
TET.llfi'l'RTftAf.
9b
i t  i s  sta ted  that the sedim entation ra te  i s  a ffe c ted  by 
e le c tr ic a l  causes, m  terms of modern molecular physics th is  
may be accepted as true but i t  appears to  me that some 
a u th o r itie s  use the expression in  a some what cruder way.
For in stance,
"ihe red c e l l s  carry a negative charge and anything 
which in creases the p o s it iv e  charge in  the plasma tends to  
cause an abnormal aggregation of c e l l s  and hence an increased  
sedim entation rate."
This statement i s  from Whitby and B ritton . 1939*
i t  seemed to  me that a simple experim ent,using cataphoresis  
mig|it throw some lig h t  on th is  and the follow ing experiments 
were carried  out.
Experiment. 1 .
The apparatus shewn was used with my own blood; one of 
c itr a te  to  four of blood.
M icroscopical examination of th is  mixture shewed no free  
c e l l s  and complete rouleaux formation.
After a preliminary t r ia l  the U tube was f i l l e d  with the  
c itra ted  blood so that i t  stood at a height Of 100 mm. in  each 
lim b.
At the same time two Westergren tubes were se t up; one
f i l l e d  to  a height of 100  mm. and the other to  a height of 
200 mm.
9t>.
A current of 6 v o lt s  was passed through the U tube for  
one hour.
R esu lt.
E.S.R. 1 h r . 2 hr_s.
W estergren. 100 mm. 12. 24.
" 200 mm. 12. 33*
U tube r e s u lt .  
in  limb connected to  p o s it iv e  p o le . 20.
* negative * 14. -
One hour a fter  current cut o f f .
P o s it iv e  limb y -  . 3 6  •
Negative limb -  2 5 .
24 hours a f te r .
Red c e l l  le v e l  was equal in  both lim bs, The clear  super -  
n at ant f lu id  was p ip etted  o ff  both limbs and then the c e l l s  
were examined m icroscop ica lly .
P o s it iv e  lim b.
C ells  a l l  d iscr e te ;  h a lf crenated, h a lf  
normal in  shape, though b i-concavity  not w ell marked. 
Negative limb.
Rouleaux formation, four to  about f i f t e e n  
c e l l s  in  each. Mostly d iscrete  c e l l s .  B i-concavity  
w ell marked.
After 36 hours.
The f lu id  le v e l in  each limb was now 52  mm. but the 
conditions of sedimentation were reversed.
9 7 .
Further sedimentation has now occurred with the fo llow ing  
r e s u lt .
P o s it iv e  limb. 3*
negative limb. 1 5 *
A re su lt  rather d i f f ic u l t  to  exp la in , xhe presence of more 
normal c e l l s  and rouleaux in  the negative limb might be a 
p o ss ib le  explanation.
Experiment. 2. 
in  th is  experiment the c itr a te d  blood from case 5 3 > was 
used. E.S.R. 1 hr. Westergren. 7*5* 
column in  each limb ■ 100  mm.
R esu lt.
P o s it iv e  lim b. Negative limb.
E.S.R. 1 hr. 14. 11.
" 2 h r s . 2 7 . 2 2 .
4 » 59. 35.
■ 15 . * 4 5 . 4 5 .
The current was cftt o ff  a fter  one hour.
After 21 h rs.
xhe clear supernatant f lu id  was p ip etted  o ff  and the c e l l s
in  each limb examined.
P o s it iv e  limb. *
C e lls  a l l  d iscr e te , fto rouleaux, c e l l s  about
h a lf and h a lf crenated and normal in  o u tlin e . B i-concavity
p r a c tic a lly  absent.
negative limb.
Many p erfec t rouleaux. Many d iscr e te  c e l l s ,
some of which are crenated and others normal in  o u tlin e ,
though there i s  no h i-co n ca v ity .
Ex-peri men t .
in  the two previous experiments, the only m aterial I had at 
hand for e lectrod es was s ilv e r  so ld er . This contains s i lv e r ,  
copper and zinc and to  obviate any sid e e f f e c t s  from these  
m etals, in  th is  and the follow ing experiments, e lectrod es of 
platinum wire have been used.
My own blood -  one of c itr a te  to  four of blood used.
R esu lt .
Current passed for one hour. Column in  each limb was 
94 mm.
E.S.R. 1 h r .
P o s it iv e  limb. 17*
Negative B 13 •
The clear supernatant f lu id  was p ip etted  o ff and tested  
for i t s  p/H value.
B.D.a. O apillator with Phenol indicator was used.
P o s it iv e  lim b.
H ion concentration i s  greater than p/H. 6 *8 .
iaiegative lim b.
H ion concentration i s  le s s  than p/H, 8*4,
9 9 .
Experiment. 4 .
My own blood was used . One of c itr a te  to  four of blood, 
uolumn of 100 mm. in  each limb. Current passed for one hour.
he s u i t .
E.S.K. 1 hr.
p o s it iv e  limb. 1 7 *
negative limb. 20.
4*1
Current cut o f f .  Both e lectrod es not exposed in  clear  
tapper la y er .
P o s it iv e  electrode shews red c e l l s  adhering to  i t .  The 
negative electrode i s  c lea r .
The clear supernatant f lu id  was now p ip etted  o ff  and the 
contents of each limb examined m icroscop ically ,
P o s it ive lim b..
R o u lea u x  - formation largely  clumped, ho free
c e l l s .  
negative lim b.
Rouleaux formation, clunked a lso , A few free  
c e l l s  are p resen t, 
neight of column in  each limb now 90 mm.
Sedimentation a fter  6 hours.
P o s it iv e  limb. 3 0 .
negative limb. 3 2 ,
After 27 hours.
over.
1 0 0 .
After 27 hours.
P o s it iv e  lim b. 40 .
negative limjj 37 •
M icroscopical examination of limb con ten ts.
P o s it iv e  lim b.
Rouleaux formation, compacted.
fleaative limb.
Rouleaux formation, compacted, but some 
orenated c e l l s  p resen t.
in  experiment 1 . i t  looks as i f  the e le c tr o ly te  produced
At*
by the s ilv e r  solder e le c tr o ly te s  had in terfered  with the 
reaction . Apart from th is  and the fa c t  that passing a current 
of 6 v o lt s  i s  a rather heavy handed procedure one would have 
expected th e o r e t ic a lly , in  experiment 4 . a larger fa^.1 in  the 
p o s it iv e  limb, considering the d ifferen ce  in  the p/H values  
in  the two limbs as shewn in  experiment 3 *
m  some of the cases recorded i  have made a confparisan  
of sedimentation ra tes  and the plasma p/H.
For th is  purpose i  used a B.D.H. O ap illa tor . This c o n s is ts  
of a se r ie s  of ca p illa ry  tubes f i l l e d  with buffer so lu tio n s  
containing an in d icator, The indicator used here was Phenol Red. 
This in d ica tes  from p/H 6*8  to  p/H 8*4 in  stages of 0*2.
A ca p illa ry  tube containing plasma and Phenol Red ind icator  
i s  conpared with the standard tubes. This g^ves a fa ir  
approximation to  actual va lu es,
ft 
\
1 0 1 .
1 hr, W estergren.
C a s e .  2 . 29:6
OJ 1*5-
n 8 . 27:7 4 2 . 10 9 .
it n 6 :5 43 . 6 9 .
n tt 23:6 43 . 56 ,
n tt 19:9 4 3 . 6 0 .
n 15 30:6 4 2 . 10*5
11 1 6 . 13:7 4 2 . 2 2 .
n 2 0 . 17:5 4 2 . 3 3 .
tt tt 14:9 4 2 . 37-
it 2 9 . 2:7 42 8 5 .
tt tt 1:8 43 22*5.
tt 3 0 . 13:7 42 35*
tt 3 9 . 28:4 43 1.
n 4 3 . 27:4 43 1.
it 46 . 9 /5 43 19 .
tt 47 11:5 43 . 5 .
tt 4 8 . 15:5 43 5 .
tt 4 9 . 1 8 :5 /4 2 13 .
tt tt 24: 9 :4 3 . 12 .
* 50 25:5:43- 5-5
51. 12:6:43 . 3 .
■ 52 16:6:43 1 7 .
* 53. 171-8:43 7-5
* * 18:12:43 5.
Plasma p / h . 
Between 7*6 and. 7*8.
" 7*6 " 7*8.
« 7'..6 ■ 7 . 8 .
* 7 * 6  * 7 .8 .
7 -4 .
7 -6 .
Between 7*6  amd 7*8.
7 *  6 
7*6.
Betwee n 7*6  and 7*8. 
7*6
Between 7 * 6  and 7 *8 .
7*4.
7*4
Between 7*6 and 7*8. 
■ 7*6  and 7 *8 .
7*4.








1 0 2 .
Westergren and. p /h . Comparisons. IcntcL).
1 hr. Westergren. Plasma -p/h.
Case. 54. 24:8:43. 46. Betwee n 7 . 6  and 7 *8 .
a ". 6:9:43 30. n 7 * 6  and 7*8
a 55. 18:8:43. 3 . 7-6
a 56. 5 /9 :43 . 108 7 . 6
n * 25:9:43 114. 7-6
a ■ 26:11:43. 83 7 . 4
a 6 0 . 16:12:43 2-5. Between 7 * 2  and 7 "4.
There i s  no n eo essity  to  rearrange these f ig u r e s . A casual 
glance seems to  shew that there i s  no correla tion  between the 
e le c tr ic a l  condition of the plasma and the sedim entation r a te .
Even th is  rather crude method of ascertain ing the p /h . 
value of the c itr a te d  plasma shews that there may be a large  
varia tion  in  t h is .
i t  has to  be remembered that a d ifferen ce  of 0 * 2  or 0«3  
in  the p/h value means a considerable d ifferen ce  in  the
hydrogen^an content.
I
On t h e  f o l l o w i n g  p ag e  i s  shewn a  p i e c e  o f  a p p a r a t u s  u s e d '  
f o r  e x p e r i m e n t s  i n  t h i s  s e c t i o n .
I t  i s  made f rom  a  p l a i n  u n g r a d u a t e d  s t a n d a r d  W e s t e r g r e n  
t u b e  which  I  b e n t  i n t o  a  U s h a p e .
The t u b e  i s  t h e  s t a n d a r d  bore of 2 5 mm*
I t  i s  h e l d  v e r t i c a l l y  on t h e  s t a n d  by  t h e  r u b b e r  band  
shewn.
104.
P u ll  Size
ENZYME ACTION*
In  c e r t a i n  d i s e a s e s  w i t h  much w a s t i n g  t h e r e  i s  u s u a l l y  an  
i n c r e a s e d  s e d i m e n t a t i o n  r a t e .  T i s s u e  w a s t e  i s  acc o m p a n ied  by 
c e l l  d e s t r u c t i o n  and t h i s  a g a i n  i s  u l t i m a t e l y  c a u s e d  by t h e  
a c t i o n  o f  c e r t a i n  i n t r a - c e l l u l a r  f e r m e n t s .
I t  seemed p e r t i n e n t  t o  i n q u i r e  i f  t h e r e  m igh t  be  any 
c o n n e c t i o n  l i n k i n g  i n c r e a s e d  s e d i m e n t a t i o n  r a t e s  and  enzyme 
a c t i o n .
The enzymes t a k i n g  p a r t  i n  c e l l  d e s t r u c t i o n  a r e  p r o t e o l y t i c  
i n  n a t u r e  and seem t o  be  p r e s e n t  i n  n e a r l y  a l l  t i s s u e s .
In  what  way c o u l d  t h e  e r y t h r o c y t e  b e  a f f e c t e d ?  In  c e r t a i n  
p a t h o l o g i c a l  c o n d i t i o n s  would i t s  own c o n d i t i o n  be  a l t e r e d  i n  
such  a  way t h a t  i t s  own i n t r a - c e l l u l a r  p r o t e i n a s e s  m ight  be  
c a l l e d  i n t o  a c t i o n ?  *
Gould an  e x c e s s  o f  t h e  p r o d u c t s  o f  p r o t e i n  b reak d o w n ,  s u c h
a s  c r e a t i n i n e  o r  c r e a t i n  have any e f f e c t ?  Gould t h e  p r e s e n c e  
o f  a c t i v e  p r o t e i n a s e  i n  t h e  p la sm a  a c t  on them? Or c o u ld  i t  
b e  t h a t  t h e  i n t r a - c e l l u l a r  p r o t e i n a s e  m ig h t  be a c t i v a t e d  by 
s u b s t a n c e s  p r e s e n t  i n  t h e  p la sm a ?
An an sw er  was s o u g h t  t o  t h e s e  q u e s t i o n s .
.Experiment 1.
Case,  ?2 X E.5 .K. 1 h r .  W e s t e r g r e n .  7 .
To 3*5 c c .  o f  t h e  c i t r a t e d  b lo o d  o f  t h i s  c a s e  w ere  added 
5 d r o p s  o f  a s a t u r a t e d  s o l u t i o n  o f  c r e a t i n i n e  i n  3*8^ 
c i t r a t e .  Shaken and p u t  up i n  a W e s t e r g r e n  t u b e .




E.S.K. 1 hr. Westergren. 6*5.
To 3*5 oc. of the c itra ted  blood of th is  case were added 
5 drops of a saturated so lu tio n  of crea tin  in  3*8# 
c itr a te .  Shaken and put up in a Westergren tube. 
Kesultant f a l l  in  one hour. 5*5.
Experiment. 3.
Case. 2.
E.S.K. 1 hr. Westergren. 1*5.
As a source of active  p ro te in a se ,fresh  pus seemed to be 
su ita b le . To 3*5cc. of the cifcrated blood was added 
0*4 cc. of pus from a case of o steo m y elitis  and the 
mixture w ell shaken, westergren tube used.
R esu ltan t f a l l  in one hour. 3.
E v i d e n t l y  i n  n e i t h e r  o f  t h e s e  c a s e s  was t h e r e  any  p r a c t i c a l  
d i f f e r e n c e .  i
“R e c en t  work i n d i c a t e s  t h e  a lm o s t  u n i v e r s a l  p r e s e n c e  o f  
K a t h e p s i n . an enzyme t h a t  a c t s  on n a t i v e  p r o t e i n s , t o g e t h e r  w i t h  ; 
a  m i x t u r e  o f  p e p s i d a s e s .  K a t h e p s i n  i s  p e c u l i a r  i n  t h a t  i t  i s  
a c t i v a t e d  by HCN and HS, t h u s  r e s e m b l i n g  o f  b e i n g  i d e n t i c a l  
w i t h  p a p a i n ,  t h e  p r o t e a s e  fo u n d  i n  c e r t a i n  p l a n t s .  Bo th  i n  
an im al  and p l a n t  c e l l s  t h e r e  e x i s t  o t h e r  a c t i v a t o r s  o f  K a t h e p s i n ,  
Amongst t h e s e  the  most  i m p o r t a n t  seem t o  b e  r e d u c e d  g l u t a t h i o n e  
a n d /
1 0 8 .
and c y s t e i n e . ' 4
( P r a c t i c a l  P h y s i o l o g i c a l  C h e m is t ry ,  a .W ,C o le .  1 9 4 1 . )
I n t r a - c e l l u l a r  Pr o t e o l y t i c _Enzymes.
“T h e re  seem t o  be s e v e r a l  o f  t h e s e  and  a t t e m p t s  have b e e n  
made t o  c l a s s i r y  them by means o f  t h e i r  a c t i o n  on v a r i o u s  
s u b s t r a t e s ,  n a t u r a l  and s y n t h e t i c .
:1The f a c t  t h a t  t h e  s p e c i f i c i t y  o f  an  i n t r a - c e l l u l a r  
p r o t e i n a s e  i s  n o t  r i g i d l y  d e t e r m i n e d  b u t  may be  a l t e r e d  i n  
v a r i o u s  ways i s  o f  o b v io u s  s i g n i f i c a n c e  f o r  t h e  g e n e r a l  
p rob lem  o f  p r o t e i n  m e ta b o l i s m .
uWhile g l u t a t h i o n e  has  b e e n  a c c e p t e d  a s  a p o s s i b l e  n a t u r ­
a l l y  o c c u r r i n g  a c t i v & t o r ,  i t  i s  c l e a r  t h a t  o t h e r  s u b s t a n c e s  
( c y s t e i n e , a s c o r b i c  a c i d  e t c . )  shown t o  o c c u r  i n  l i v i n g  t i s s u e s  
a r e  a l s o  p o t e n t i a l  a c t i v a t o r s  and by com bin ing  w i t h  an i n t r a ­
c e l l u l a r  p r o t e i n a s e  may modify  i t s  s p e c i f i c i t y .
;‘T h e re  a p p e a r s  t o  be one i n t r a - c e l l u l a r  p r o t e i n a s e  a c t i n g  
a t  a weakly  a c i d  p /H  (named C a t h e p s i n  by w i l l s t a t t e r , ) The 
p r o t e i n a s e  i s  a c t i v a t e d  by HS. *4
(M.Bergman and J . S . F r u t o n .  i n  Advances i n  Enzymology. 1 9 4 1 . )
G - lu ta th lo n e .
I t  was d e c i d e d  t o  t r y  t h e  e f f e c t  o f  r e d u c e d  g l u t a t h i o n e  on 
t h e  e r y t h r o c y t e .
G - lu ta th io n e  i s  a lm o s t  u n i v e r s a l l y  p r e s e n t  i n  an im a l  
t i s s u e s .  I t  i s  p r e s e n t  i n  t h e  e r y t h r o c y t e  -  25 t o  50 mg. i n  
100 c c .  B lo o d .
Iu9.
Hopkins  has  shewn t h a t  g l u t a t h i o n e  i s  c o n c e r n e d  w i t h  
r e s p i r a t i o n  pnd fo rm s  a  s y s t e m  I n d e p e n d e n t  o f  t h e r m o l a b i l e  
enzymes.
G - lu ta th io n e  a l s o  p l a y s  t h e  p a r t  o f  a co-enzyme i n  t h e  
c o n v e r s i o n  o f  g l u c o s e  t o  l a c t i c  a c i d  i n  t h e  e r y t h r o c y t e .
I t  c o n t a i n s  t h e  bH group  and i p  t h e  r e d u c e d  fo rm  i s  an  
a c t i v a t o r  o f  p r o t e i n a s e .
Though t h e  e r y t h r o c y t e  c o n t a i n s  a s m a l l  q u a n t i t y  o f  g l u t a ­
t h i o n e  i t  was d e c i d e d  t o  t r y  t h e  e f f e c t  on t h e  e r y t h r o c y t e s  
o f  a d d in g  a s m a l l  q u a n t i t y  o f  r e d u c e d  g l u t a t h i o n e  t o  a 
s u s p e n s i o n  o f  r e d  c e l l s  i n  n o rm a l  s a l i n e .
t h i s  r e v e a l e d  t h e  i n t e r e s t i n g  f a c t  t h a t  t h e  a d d i t i o n  o f  
t h e  g l u t a t h i o n e  c a u s e d  a g g l u t i n a t i o n  and f a i r l y  f ’apid 
s e d i m e n t a t i o n .  The r a p i d i t y  o f  t h e  r e a c t i o n  v a r i e d  a c c o r d i n g  
t o  t h e  q u a n t i t y  used.
Expe r i m en t  No. 4 .
My own c e l l s  w ere  u s e d .  They were c o l l e c t e d  i n  3*8$ 
c i t r a t e  s o l u t i o n  i n  a e e n t r i f u g e  tu b e  -  one o f  c i t r a t e  t o  
f o u r  o f  b lo o d .H o rm a l  s a l i n e  was added t o  a b o u t  10 c c .  mixed 
and c e n t r i f u g e d .  The s u p e r n a t a n t  f l u i d  p i p e t t e d  o f f ,  
r e p e a t e d  and l a s t l y  make up w i t h  s a l i n e  t o  ab o u t  L0 cc .
The c e l l s  a r e  now i n  t h e  d i s c r e t e  s t a t e  -  t h e r e  a r e  no 
r o u l e a u x  p r e d e n t .
I t  h a s  t o  be remembered t h a t  t h e  c e l l s  a r e  now i n  an 
abnormal  e n v i ro n m e n t  and removed from t h e i r  m e t a b o l i t e s .
Some of th e  c e l l  suspension was put in  one of th e  tuhes of 
th e  apparatus i l l u s t r a t e d  a t  the  beginning of t h i s  s e c t io n ,
A lew mgs. of g lu ta th io n e  were added and th e  tube in v e r te d  
and reinverx.ed a few tim es. (G lu ta th ione i s  very s o lu b le . )
There i s  a g radually  developing re a c t io n  and in  about f iv e  
minutes the  appearance i s  as  in  A. above.
There i s  obvious sedim entation going on and clumps of c e l l s  
a re  seen adhering to  the  s ide  of the  tube -  a g g lu t in a t io n .
In about an hour th e  appearance i s  as  in  B. Sedim entation 
i s  now f a r  advanced and th e  clumps a re  well seen on th e  s ide  
of the  tube.There i s  a coloured la y e r  above th e  sedimented c e l l s  
and above t h i s  a c le a r  la y e r  shewing th a t  so f a r  th e re  i s  no
1 1 1 .
no l y s y s .
At t h i s  s t a g e  l r  t h e  t u b e  i s  i n v e r t e d  and r e i n v e r t e d  
t h e  clumps d i s a p p e a r  and t h e  same a c t i o n  t a k e s  p l a c e  a g a i n .
some h o u r s  l a t e r ,  d e p e n d in g  on t h e  q u a n t i t y  o r  t h e  g l u t a ­
t h i o n e  and more e s p e c i a l l y  i f  t h e  t u b e  i s  k e p t  i n  t h e  i n c u b a t o r  
a t  37 b .  t h e  c o n t e n t s  o r  t h e  t u b e  has  a l t e r e d .  The c o l o u r  i s  
becoming d a r k e r ,  t h e  s e d im e n te d  p o r t i o n  i s  becom ing  l o o s e r  l i k e  
and t h e  c o l o u r  has  d i f f u s e d  t o  t h e  t o p  o f  t h e  t u b e ,  b y s i s  has  
t a k e n  p l a c e .  I f  t h e  t u b e  i s  now i n v e r t e d  and r e i n v e r t e d  t h e  
c o n t e n t s  shew a f l o c c u l e n t  a p p e a r a n c e  w i t h  s e m i - t r a n s p a r e n t  
f l o o c u l e s  a p p a r e n t .
J - a t e r  t h e  c o l o u r  becomes b r o w n i s h  -  t h e  h ae m o g lo b in  has  
become changed  -  and t h e  f l o c c u l e s  d i s a p p e a r .  T h e re  has  b e e n  
e v i d e n t l y  co m p le te  d i s s o l u t i o n  o f  t h e  c e l l  c o n t e n t .
M ic r o s c o p i c  e x a m i n a t i o n  c o n f i r m s  a l l  t h e  c h a n g e s  d e s c r i b e d  
above.
In  t h e  e a r l y  s t a g e s  t h e  c e l l s  a r e  fo u n d  t o  b e  fo rm in g  s i m p l e  
c lumps.  T he re  a r e  no r o u l e a u x  and no a p p e a r a n c e  o f  i s o - a g g l u t ­
i n a t i o n .  Any d a r k e n i n g  o f  t h e  c e n t r e  o f  t h e  c lumps  i s  due  t o  *V's u p e r - ^ m p o s i t i o n  o f  c e l l s .
The a p p e a r a n c e  i s  v e r y  s i m i l a r  t o  t h a t  found  w i t h  t h e  a c t i o n  
o f  Tan n ic  Acid b u t  w i t h  t h e  g l u t a , t h i o n e  t h e  c lumps  a r e  v e r y  
e a s i l y  d i s p e r s e d .
a b o u t  t h e  m i d s t a g e  t h e  c e l l s  a r e  s e e n  t o  be s l i g h t l y  s w o l l - n ,  
g l o b u l a r  and l y s e d .
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I n  t h e  l a t e r  s t a g e s  t h e  c e l l s  i n  t h e  c lumps a r e  becoming 
s m a l l e r , t h e i r  o u t l i n e  becoming more i n d i s t i n c t  an a  f i n a l l y  
th ey  d i s a p p e a r .  The ch an g es  have  t h e  a p p e a r a n c e  o f  t h e  
d i g e s t i o n  o f  t h e  c e l l  e l e m e n t s .
■rhe p e r m e a b i l i t y  o f  t h e  c e l l  membrane i n  c o n n e c t i o n  w i t h  
t h i s  a c t i o n  w i l l  b e  d i s c u s s e d  l a t e r .
T h i s  e x p e r i m e n t  t o o k  p l a c e  i n  a  medium o f  a b o u t  p /H .  6 .
I t  was asked i f  the same a c t io n  would happen in c i t r a t e d  blood 
with a p/H of about 7*4. and with the c e l l s  in  the  presence 
of t h e i r  m e tabo l i te s .
T h is  was a l i t t l e  d i f f i c u l t y  on a c c o u n t  o f  t h e  g r e a t e r  
«
d e n s i t y  o f  t h e  c i t r a t e d  b l o o d  b u t  t h e  f o l l o w i n g  e x p e r i m e n t  
was d o n e .
^sixperlment 5 .
I n  t h i s  e x p e r i m e n t  a  somewhat l a r g e r  t u b e  was u s e d .  My 
own b l o o d  was u sed  -  one p a r t  o f  c i t r a t e  t o  f o u r  o f  b l o o d .
The t u b e  was f i r s t  a l l o w e d  t o  s t a n d  f o r  an  h o u r  and t h e  
a p p e a r a n c e  was t h e n  a s  shewn a t  A. i n  t h e  f o l l o w i n g  d i a g r a m .
On t i l t i n g  t h e  t u b e  g e n t l y  and r e t u r n i n g  t o  t h e  v e r t i c a l  
t h e r e  was a t h i n  f i l m  o f  b l o o d  l e f t  on t h e  s i d e  b u t  t h i s  
g r a d u a l l y  s u b s i d e d  i n t o  t h e  body o f  t h e  c e l l s .
x h e re  was no s i g n  o f  m a c r o - a g g l u t i n a t i o n  on t h e  s i d e  o f  
t h e  t u b e .
The c i t r a t e d  b lo o d  was thqn a g i t a t e d  u n t i l  i t  was mixed 
ag a in ,  a few mgs. o f  g lu t a t h io n e  were th en  added and the  tu b e
1 1 } .
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a g i t a t e d  and  a l l o w e d  t o  s t a n d  f o r  one h o u r .  At t h e  end o f  t h a t  
t i m e  t h e  a p p e a r a n c e  was a g a i n  s i m i l a r  t o  A.
On t i l t i n g  t h e  t u b e  a s  a t  B. and r e t u r n i n g  t o  t h e  v e r t i c a l  
t h e  a p p e a r a n c e  was s i m i l a r  t o  t h a t  a t  0 .  P u l l  on t h e  a p p e a r ­
a n c e  was a s  i n  D.
v
Clumps o f  m a c r o - a g g l u t i n a t i o n  were  e v i d e n t ,  a d h e r i n g  t o  t h e  
s i d e  o f  t h e  t u b e  a s  i n  t h e  l a s t  e x p e r i m e n t .
E v i d e n t l y  g l u t a t h i o n e  can  a c t  i n  a  m i l d l y  a l k a l i n e  medium 
a l s o .
I f  t h i s  i s  a n  enzyme a c t i o n  i s  t h e  p r o t e i n a s e  t h e  C a t h e p s i n  
o f  W i l l s t a t t e r  ? I  q u o t e  a g a i n .
" W hile  g l u t a t h i o n e  h a s  b e e n  a c c e p t e d  a s  a  p o s s i b l e  n a t u r  -  
a l l y  o c c u r r i n g  a c t i v a t o r , i t  i s  c l e a r  t h a t  o t h e r  s u b s t a n c e s
( c y s t e i n e ,a s c o r b i c  a c i d  e t c . )  shown t o  o c c u r  i n  l i v i n g  t i s s a e s
114.
a r e  a l s o  p o t e n t i a l  a c t i v a t o r s  and by co m b in in g  w i t h  an i n t r a ­
c e l l u l a r  p r o t e i n a s e  may m od iry  i t s  s p e c i f i c i t y “ .
Papain.
The a c t i o n  o f  p a p a i n  was a l s o  i n v e s t i g a t e d .
JEiXperiment. 6 .
A m i x t u r e  o f  p a p a i n  and n o r m a l  s a l i n e  was k e p t  a t  37° f o r  
ab o u t  h a l f  an h o u r  and f i l t e r e d ,  i b e  f i l t r a t e  was l i g h t  brown 
i n  c o l o u r  and was u s e d  i n  t h e  f o l l o w i n g  e x p e r i m e n t .
I n  t h e  t e s t i n g  t u b e s  was p l a c e d  an e q u a l  amount of  washed 
c e l l  s u s p e n s i o n ,  xo one was added  5 d r o p s  o f  t h e  p a p a i n  f i l t r a t e  
and 5 d r o p s  o f  Acid  Hydrocyan.  JDil. To t h e  o t h e r  10 d r o p s  o f  
s a l i n e .
The tu b e s  were th e n  kept a t  37 °u. f o r  one hour. At th e  end
o f  th a t  t im e  th e  appearance o f  b o th  tu b e s  was much th e  same.
*  s l i g h t  amount o f  s e d i m e n t a t i o n  had o c c u r r e d  i n  b o t h .
The tu b e s  were th e n  kept a t  room tem p eratu re  f o r  an oth er  
fo u r  and a h a l f  h o u rs .
The a p p e a r a n c e  was a g a i n  much t h e  same I n  b o t h .  H e ig h t  o f  
column 75 mm.
About 1 8 . mm. c l e a r  la y e r  a t  to p ,  th en  c o lo u red  la y e r  t o
near th e  bottom where th e r e  was a sm a ll  dark d e p o s i t .
■evidently  t h e  p a p a i n  f i l t r a t e  had had no e f f e c t .  P o s s i b l y  
a  s o l u t i o n  o f  a  d i f f e r e n t  p / 5  m igh t  have e x t r a c t e d  any enzyme 
p r e s e n t .
l i b .
Experim ent. 7 .
At t h e  end o f  t h e  f i r s t  h o u r  i n  t h e  p r e v i o u s  
e x p e r i m e n t r p a p a i n  i t s e l f  was a d d e d  t o  t h e  
r e m a i n d e r  o f  t h e  c e l l  s u s p e n s i o n  i n  t h e  
c e n t r i f u g e  t u b e .  To t h i s  was a d d e d  a b o u t  20 
d r o p s  o f  A c id  H ydrocyan .  D i l .  and  t h e  t u b e  
t h e n  k e p t  i n  t h e  i n c u b a t o r  f o r  f o u r  h o u r s  when
t h e  a p p e a r a n c e  was a s  shewn.
>
T h e r e  were  f o u r  w e l l  d e f i n e d  l a y e r s  w i t h  
a  f i n e  f r o t h y  l a y e r  a t  t h e  t o p .  T hese  l a y e r s  
w ere  p r e t t y  much a s  shewn.
On t i l t i n g  t h e  t u b e  a s  d e s c r i b e d  i n  e x p e r .  
5 . a  f i n e  g r a n u l a r  c lu m p in g  was l e f t  a d h e r i n g  
f o r  a  s h o r t  t im e  t o  t h e  s i d e  o f  t h e  t u b e .
T h i s  was a  somewhat s i m i l a r  a p p e a r a n c e  t o  
t h a t  p ro d u c e d  by t h e  g l u t a t h i o n e  b u t  t h e  clumps were  v e r y  much 
s m a l l e r  and  n o t  so a d h e s i v e . T h e r e  seemed t o  b e  a  s l i g h t  
a g g l u t i n a t i o n  b u t  t h e  a s s o c i a t i o n  o f  t h e  c e l l s  was n o t  so 
s t r o n g  a s  w i t h  t h e  g l u t a t h i o n e .
U nder  t h e  m ic ro s c o p e  a  s l i d e  f rom t h e  b o t to m  l a y e r  shewed 
t h e  c e l l s  t o  be  p r e t t y  com pacted  b u t  a  l i t t l e  p r e s s u r e  on t h e  
c o v e r s l i p  c a u s e d  d i s p e r s a l  i n t o  d i s c r e t e  c e l l s .  T hese  w ere  w e l l  
c o l o u r e d  and  b i - c o n c a v e .
A g g l u t i n a t i o n  i f  i t  h ad  o c c u r r e d  must  h av e  b e e n  m i l d  an d  
e a s i l y  d i s s o c i a t e d .
11b.
I t  i s  p o s s i b l e  t h a t  in  c e r t a i n  c ir c u m s t a n c e s , t h e  te c h n iq u e  
o f  t i l t i n g  th e  tu be  ana w a tch in g  fo r  th e  appearance o f  clumps  
on th e  s i a e  may be a more a e l i c a t e  t e s t  th an  m ic r o s c o p ic a l  
ex a m in a t io n .
N o te : -
b .u .H . from whom I g o t  th e  p a p a in ,  c o u la  make no 
d e f i n i t e  s ta tem en t  a s  to  th e  p r o t e o l y t i c  or d l a s t a t l c  c o n te n t
or i t .
The q u e s t io n  now was, are th e  changes produced by the  
g lu t a t h io n e  due t o  th e  a c t i v a t i o n  o f  enzyme a c t i o n .
i t  was remembered th a t  in  c o l l e c t i n g  b lo o d  sam ples fo r  
th e  e s t im a t io n  o f  s u g a r , i f  t h i s  i s  not t o  be done a t  th e  t im e ,  
i t  i s  customary t o  add bodium f lu o r i d e  t o  p r ev en t  th e  g lu c o s e
A ii o'
from transform ed  t o  l a c t i c  a c i d .  This a c t i o n  o f  co u rse  i s  due  
t o  enzyme a c t i v i t y  ana th e  soaium f l u o r i d e  i s  an enzyme p o i s o n .
The f o l l o w i n g  exp er im en t was t r i e d
j&xperlment 7 .
1*5 c e .  o f  my own red  c e l l s , c o l l e c t e d  in  bod. c i t r a t e
s o lu t i o n  ana washed as d e s c r ib e d  p r e v io u s ly ,w e r e  suspended in  
12 c c .  o f  normal s a l i n e .
J&qual p a r t s  o f  t h i s  were put in  th e  t e s t  t u b e s .
xo one tube was added 0 -5  c c .  o f  1% s o l u t i o n  o f  sodium  
f lu o r id e  in  normal s a l i n e  a i& to  th e  o t h e r  0*5 c c .  o f  normal 
s a l i n e .
xben t o  each was added O b  c c .  o f  a s o l u t i o n  o f  g lu t a t h io n e
in  normal s a l i n e .  The amount or g l u t a t h i o n e  in  t n l s  would De 
or th e  n a tu r e  or a few mgs.
I n  h a l f  an h o u r  t h e r e  was e v i d e n t  a g g l u t i n a t i o n  and a c t i v e  
s e d i m e n t a t i o n  i n  t h e  c o n t r o l  t u b e .
I n  t h e  bod.  f l u o r i d e  t u b e  t h e r e  was no  ch a n g e .
In  one h o u r  t h e r e  was a l m o s t  c o m p le te  s e d i m e n t a t i o n  i n  
t h e  c o n t r o l  t u b e  w i t h  t h e  f a m i l i a r  a p p e a r a n c e  o r  a g g l u t i n a t e d  
clumps a d h e r i n g  t o  t h e  l o w e r  p a r t  o r  t h e  t u b e .
i n  t h e  bod.  f l u o r i d e  t u b e  t h e r e  was p r a c t i c a l l y  no c h a n g e ,  
w i t h  t h e  e x c e p t i o n  o f  a  v e r y  s m a l l  d e p o s i t  a t  t h e  b o t to m  o f  
t h e  t u b e  and no e v i d e n c e  o f  a g g l u t i n a t i o n .
xhe above  e x p e r i m e n t  would seem f a v o u r a b l e  t o  t h e  i d e a  
t h a t  t h e  g l u t a t h i o n e  was t h e  a c t i v a t o r  o f  some enzyme a c t i o n  
and t h a t  t h e  enzyme a c t i o n  was s to p p e d  by t h e  b o d .  f l u o r i d e .
Two h o u r s  l a t e r  t h e  a d d i t i o n  t o  t h e  f l u o r i d e  t u b e  o f  
t h r e e  d r o p s  o j  a s o l u t i o n  o f  Tann ic  a c i d  i n  n o rm a l  s a l i n e  
caused  t h e  u s u a l  im m edia te  a g g l u t i n a t i o n  and r a p i d  sed im en­
t a t i o n .
This a c t io n  would seem t o  shew t h a t  th e  c o n d i t io n  o f  th e  
c e l l  membrane rem ains unchanged both  by th e  g lu t a t h io n e  and 
by th e  bod. f l u o r i d e .
One a s p e c t  o f  t h e  g l u t a t h i o n e  phenomenon may be  rem arked  
upon.  Though t h e  b u l k  o f  t h e  c e l l s  a r e  a f f e c t e d  and s e d i m e n t ,  
t h e r e  i s  a  r e s i d u e  which  r e m a i n s  i n  s u s p e n s i o n .  I n  a l l  l i v i n g  
o rg a n ism s  t h e r e  i s  a g r a d a t i o n  t h r o u g h  y o u t h f u l  v i g o u r  t o
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m a t u r i t y  and s e n e s c e n c e  and i t  seems a l l o w a b l e  t o  t h i n k  t h a t  
t h e  young e r y t h r o c y t e  may be more r e s i s t a n t .
The c h a n g e s  p r o d u c e d  i n  t h e  e r y t h r o c y t e  by t h e  a o t i o n  o r  
g l u t a t h i o n e  may, I  t h i n k ,  be  d i v i d e d  i n t o  t h r e e  s t a g e s .
a .  a g g l u t i n a t i o n .
b .  H aem olys is
c .  Jbysis .
^ach  o r  t h e s e  I n v o l v e s  runu&m enta l  p r o b le m s  t o  w h ich  t h e r e  
i s  a t  p r e s e n t  no c l e a r  a n sw e r ,  but# r e c o g n i s i n g  t h i s  f a c t  one 
may p e r h a p s  be a l l o w e d  t o  a s k  some q u e s t i o n s .
r r e s u m i n g  t h a t  t h i s  i s  an  enzyme a c t i o n  and a s su m in g  
n i l s t a t t e r l s t h e o r y  t h a t  enzymes can  be absorD ed  on p r o t e i n  
m o l e c u l e s ,  i s  i t  p o s s i b l e  t h a t  p r o t e i n a s e  may be p r e s e n t  i n  
t h e  c e l l  membrane ana  t h a t  i n  t h i s  way t h e  membrane i s  f i r s t  
a f f e c t e d ,  c a u s i n g  c h a n g es  wh ich  l e a d  t o  a g g l u t i n a t i o n ?
Or a s su m in g  t h e  “ s i e v e 11 t h e o r y  o f  membranes and  c o t  
does  t h e  g l u t a t h i o n e  m o le c u le  p e n e t r a t e  t h e  membrane and s e t  
up changes  i n  t h e  c y to p la s m  w h ich  r e a c t  on t h e  membrane and 
p ro d u c e  t h e  c o n d i t i o n s  f a v o u r a b l e  t o  a g g l u t i n a t i o n ?
Tha t  t h e  c e l l  membrane i s  a f f e c t e d  i s  e v i d e n c e d  by t h e  
n e x t  s t a g e  o f  h a e m o l y s i s ,  e x a m i n a t i o n  a t  t h i s  s t a g e ,  o f  t h e  
c e l l s  u n d e r  t h e  d a r k  g round  c o n d e n s e r ,  shews them t o  be  g l o b u l a r  
somewhat s w o l l e n  and b e r e f t  o f  h a e m o g lo b in .  The c e l l  membrane 
s t a n d  o u t  c l e a r  c u t  and a p p a r e n t l y  un ch an g ed  b u t  t h e  c e l l  i s  
now d e a d .  The c h a n g e s  i n  t h e  c e l l  a r e  n o t  due t o  any change  i n ’ 
t h e  t o n i c i t y  o f  t h e  medium b u t  t o  t h e  f a c t  t h a t  i n  t h e  dead
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c e l l  t h e r e  I s  c o m p l e t e  p e r m e a b i l i t y  and d i f f u s i o n  has  o c c u r r e d  
i n t o  t h e  c e l l .
“No one  can f a i l  t o  be  im p re s s e d  w i t h  t h e  g r e a t  d i f f e r e n c e  
i n  p r o p e r t i e s  o f  l i v i n g  and dead  c e l l s .  The dead  a r e  c o m p l e t e l y  
p e r m e a b le  t o  d i f f u s i b l e  s u b s t a n c e s  -------------------- "
(The P e r m e a b i l i t y  o f  N a t u r a l  Membranes. Davson and
D a n i e l l i . )
The t h i r d  s t a g e  i s  l y s i s  and  co m p le te  d i s s o l u t i o n  o f  t h e  
c e l l  p r o b a b l y  due t o  p r o t e o l y t i c  c h an g es  s i n c e  one can n o t  
e n v i s a g e  t h e  g l u t a t h i o n e  as  b e i n g  a s o l v e n t  o f  p r o t e i n .
I t  was c o n s i d e r e d  t h a t  i n  c e r t a i n  p a t h o l o g i c a l  s t a t e s  t h e  
e r y t h r o c y t e ,  t h o u g h  t o  a l l  a p p e a r a n c e  u n ch an g ed ,  m ig h t  be 
a l t e r e d  i n  some way and t h a t  t h a t  d i f f e r e n c e ,  i f  i t  e x i s t e d ,  
m igh t  be  r e v e a l e d  by t h e  a c t i o n  o f  r e d u c e d  g l u t a t h i o n e .
To t h i s  end t h e  f o l l o w i n g  e x p e r i m e n t s  were d o n e .
The t u b e s  a r e  l e t t e r e d  C and P.
C. Here  ray own c e l l s  a r e  u s e d .
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P.
J N e p h r i t i s .
C i t r a t e d  b l o o d  from t h i s  c a s e  was tiised and  my own 
c i t r a t e d  b l o o d  u s e d  a s  a  c o n t r o l .
The c e l l s  were  washed i n  s a l i n e  an d  a  s u s p e n s i o n  o f  
them i n  s a l i n e  p u t  i n  t h e  t e s t  t u b e s . C o l o u r  was m atched  
a s  e v e n ly  a s  p o s s i b l e .
A few mgs. o f  g l u t a t h i o n e  were  a d d ed  t o  each  and  t h e  
t u b e s  p l a c e d  i n  t h e  i n c u b a t o r .  37 C.
I n  t e n  m i n u t e s  t h e  c e l l s  i n  t h e  p a t i e n t * s  t u b e  were  
a l m o s t  c o m p l e t e l y  s e d im e n te d .T h e  r a p i d i t y  o f  t h i s  was 
r a t h e r  s t r i k i n g .
M i c r o s c o p i c a l l y  t h e r e  were  now l a r g e  clumps o f
a g g l u t i n a t e d  c e l l s  and a  few d i s c r e t e  c e l l s .
I n  f i f t e e n  m i n u t e s  my own c e l l s  shewed a l i t t l e  s e d im e n t  -  
a t i o n .  M i c r o s c o p i c a l l y ,  many f r e e  c e l l s  and some s m a l l  c lumps
The t u b e s  were now shaken  and r e t u r n e d  t o  t h e  i n c u b a t o r .
I n  f o r t y  m i n u t e s  t h e  a p p e a r a n c e  was a s  shewn i n  t h e  f i g u r e .
L y s i s  i s  e v i d e n t l y  b e g i n n i n g  i n  t h e  p a t i e n t ’ s t u b e .
I n  two and a  h a l f  h o u r s  t h e  p a t i e n t ' s  t u b e  shewed l y s i s  
and c o m p le t e  d i s s o l u t i o n  o f  t h e  c e l l s .
My own c e l l s  w ere  p r e t t y  much as  t h e y  were a t  t h e  end o f  
t h e  f i f t e e n  m i n u t e s .  F r e e  c e l l s  and s m a l l  c lum ps .
Experiment 9.
Case. 8. E.S.K. 60.
18;9:A5.
C e l l s  f rom t h i s  c a s e  and my own were u s e d  and t h e  
same p r o c e d u r e  f o l l o w e d .
8 .  P .  M. Tubes p l a c e d  i n  i n c u b a t o r .
8.5  P.M. Active sedim entation  going on. Clumps of macro­
a g g lu t in a t io n  are adhering to  the  s ides  of both  tubes .
8 . 1 0 . P . M . S e d i m e n t a t i o n  p r a c t i c a l l y  c o m p le t e  i n  b o t h  t u b e s .
The s u p e r n a t a n t  f l u i d  i n  p a t i e n t ' s  t u b e  i s  a l i t t l e  
c l e a r e r .  M i c r o s c o p i c a l l y  t h e r e  a r e  f r e e  c e l l s  and 
s m a l l  clumps i n  b o t h  t u b e s .  Tubes  shaken  up and r e t u r n  
ed t o  I n c u b a t o r .
1 0 . 1 0 There  i s  c o m p le te  l y s i s  i n  b o t h  t u b e s .  There  a r e
a few g h o s t s  i n  my t u b e  b u t  o t h e r w i s e  ana i n  p a t i e n t ^
1 2 3 .
tube  t h e r e  i s  c o m p le t e  d i s s o l u t i o n  o f  t h e  c e l l s .
Mote. I  had j u s t  t u r n e d  on t h e  i n c u b a t o r  and d i d  n o t  n o t i c e  
t h a t  a t  f i r s t  t h e  t e m p e r a t u r e  was 40  0 .  T h is  may have d i s t u r b ­
ed t h e  e x p e r i m e n t .
•Experiment.  10.
Uase. bzt. £*.b.K. 3 0 . ( 6 : 9 s 4 3 J .
20 .9  * 4 3 .
u e l l s  r rom  t h i s  c a s e  and my own u sed  a s  b e f o r e .
& m in u te  q u a n t i t y  of  g l u t a t h i o n e  added  and t u b e s  p l a c e d  
i n  i n c u b a t o r .  I n  t e n  m in u te s  no ch a n g e .  The s m a l l  amount 
o r  g l u t a t h i o n e  was t r i e d  t o  slow down t h e  a c t i o n  b u t  more 
i s  e v i d e n t l y  r e q u i r e d ,  a  r u r t h e r  q u a n t i f y  was a a u e u .
i n  a  m in u te  o r  two m a c r o - a g g i u t i n a t i o n  was o c c u r r i n g  
i n  b o t h  t u b e s ,  i n  r i v e  m in u te s  s e d i m e n t a t i o n  was c o m p l e t e  
i n  p a t i e n t s  t u b e  and t h e  c o l o u r  was becoming b r o w n i s h .
I n  my own t u b e  s e d i m e n t a t i o n  was a b o u t  h a l f  c o m p le te d  
and  t h e  c o l o u r  was r e d .
l u b e s  were  sna&en and r e t u r n e d  t o  t h e  I n c u b a t o r .
I n  a n o t h e r  t e n  m in u te s  p a t i e n t ' s  t u b e  shewed f l o c c u l a t e d  
c lum ps  and t h e  c o l o u r  was now d e f i n i t e l y  brown,  i n  my own ! 
t h e r e  was f l o c c u l a t i o n  bu t  t h e  c o l o u r  was s t i l l  good ,  
i n  a n o t h e r  f i v e  m in u te s  i n  p a t i e n t ' s  t u b e  t h e r e  was a 
c l e a r  crown f l u i d  and m i c r o s c o p i c a l l y  c o m p le t e  d i s s o l u t i o n ,  
o f  c e l l s . i n  my tu b e  c o l o u r  was c h a n g in g  a l i t t l e  and m ic ro  
- s c o p i c a i i y ,  a g g l u t i n a t e d  clumps o f  Vghost"  c e l l s  u n d e r ­
g o i n g  d i s s o l u t i o n .
Experiment. 11.
124
1 2 5 .
■Experiment. 11 .
Gase. bV. 2 4 .
2 1 :9 ? 4 3 .  My own and p a t i e n t ' s  c e l l s  u sed  a s  b e f o r e .
4 .p u  p . m.
u -lu ta th io n e  added to  b o th  tu b e s .
5 . P.M. No. 1.
S e d i m e n t a t i o n  advanced  more so i n  G. c lumps o r  m acro­
a g g l u t i n a t i o n  ad h e r l n g  t o  t h e  s i d e s  o f  b o t h  t u b e s ,  
riazy above ,  more so i n  P.
5 . 1 0  P.M. No. 2.
S e d i m e n t a t i o n  e q u a l  I n  b o th  t u b e s ,  s t i l l  hazy ab o v e ,  
more so i n  P .
5 . 1 5 . * . m.
P ubes  shaken  and examined  m i c r o s c b p i c a l i y . 
o .  1‘h e r e  a r e  c lum ps ,  more of  a  p^Vdnfceint a p p e a r a n c e  and  
c e l l s  seem a  l i t t l e  s w o l l e n .
P .  c e l l s  m o s t l y  d i s c r e t e ,  s m a l l  c lumps 01 up t o  a b o u t  
f i v e  c e l l s .  e e i i s  l o o k  b e t t e r  t h a n  i n  c .
5 .  20.  P.M. Tubes  p l a c e d  i n  i n c u b a t o r .
5 .  25.  P.M. No. 3 .
S e d i m e n t a t i o n  as  shewn.  Hazy above  i n  b o t h  t u b e s ,  c lumps 
a d h e r i n g  t o  s i d e s  or  t u b e s , s o m e w n a t  l a r g e r  and s t r e a k y .
7 .  § .  P.M.
sed im entation  as shewn.lop la y e r  c le a r .  In te rm ed ia te  
l a y e r  s t i l l  hazy but c le a r in g ,  ev iden tly  no i_,ysis
Experiment. 12.
1 2 7 .
-Experiment 12.  
u a s e .  5 6 .  E . S .R .  114.
35i2-42x
My own and c e l l s  f rom t h i s  c a s e  were u sed  as  b e f o r e .
4 . 3 5 . P.M.
Tubes  f i l l e d  w i t h  s u s p e n s i o n .
4 . 4 5 . P.M.
No. change i n  t u b e s .  G l u t a t h i o n e  added .
5 .  P.M. No. 1 .
A g g l u t i n a t i o n  t a k i n g  p l a c e .  S e d i m e n t a t i o n  a d v a n c i n g .  
Clumping i s  e v i d e n t  i n  b o t h  t u b e s ,  more so i n  0. B o th  
t u b e s  hazy a b o v e .
5 . 5 .  P.M. No. 2.
S e d i m e n t a t i o n  i s  t a k i n g  p l a c e  more s lo w ly  i n  P .  Both  
t u b e s  a r e  hazy above ,  b u t  t h e r e  a r e  s m a l l  c lumps on t h e  
s i d e s  o f  b o t h  t u b e s .
5 .2 5  P.M. No. 3 .
S e d i m e n t a t i o n  a s  shewn.  Upper l a y e r  i s  hazy e x c e p t  a 
s m a l l  p a r t  a t  t o p  which i s  c l e a r .  Tubes s h a k e n  and 
p l a c e d  i n  i n c u b a t o r .
5 . 5 0 . P.M. No. 4 .
C o lo u r  i n  P .  i s  now much d a r k e r  t h a n  i n  C. There  a r e  
s m a l l  clumps a d h e r i n g  t o  t h e  s i d e  o f  C. t u b e .  Shaken 
and r e t u r n e d  t o  i n c u b a t o r .
6 . 3 5 . P.M. No. 5 .
S e d i m e n t a t i o n  i n  C. i s  f a i r l y  c o m p l e t e .  T h e re  i s  a  s m a l l  
c l e a r  l a y e r  a t  t o p , l o w e r  down i t  i s  hazy .  C o lour  g ood .
128.
E x p e r im e n t .  12 .  (Con td ) ,
In  P .  t h e  whole t u b e  i s  much d a r k e r ,  a lm o s t  o f  a b r o w n i s h  
t i n g e .  The a p p e a r a n c e  i s  t h a t  o f  L y s i s .  The d e p o s i t  i s  
f l o c c u l e n t  i n  a p p e a r a n c e .
Tubes shak en  and r e t u r n e d  t o  i n c u b a t o r .
12.  P.M.
Tubes shgtkan and c o n t e n t s  examined m i c r o s c o p i c a l l y .
In  C. t h e  s h e l l s  a r e  m o s t ly  d i s c r e t e  w i th  c l e a r  o u t l i n e s .  
T he re  a r e  clumps h e r e  and t h e r e  o f  two o r  t h r e e  c e l l s .
Some g h o s t  s e l l s  whose membrane i s  c l e a r l y  o u t  l i n e d .  The 
c e l l s  seem t o  have  r e t a i n e d  t h e i r  c o l o u r  f a i r l y  w e l l .
I n  P .  t h e r e  a r e  m a sse s  o f  a g g l u t i n a t e d  g h o s t  c e l l s  t h e  
o u t l i n e  o f  some o f  which h as  d i s a p p e a r e d .  The a p p e a r a n c e  





Case. 4 9 .  E . S .R .  1 2 .
24? 9 : 4 1.. My own and p a t i e n t * s  c e l l s  u s e d ,
4 .40 .  P.M.
Tubes f i l l e d  w i t h  s u s p e n s i o n .
4 .50 .  P.M.
No c h a n g e  i n  t u b e s .  G l u t a t h i o n e  a d d e d .
Not#..
I n  t h i s  and t h e  f o l l o w i n g  c a s e s  t h e  g l u t a t h i o n e  was 
d i s s o l v e d  i n  norm a l  s a l i n e  and 0*5 c c .  a d d e d  t o  e a c h  
t u b e .  I n  p r e v i o u s  e x p e r i m e n t s  e q u a l  p a r t s  o f  t h e  a c t u a l  
g l u t a t h i o n e  so  f a r  a s  c o u ld  b e  ju d g e d  by t h e  eye w ere  
u s e d .  T h i s  was t h o u g h t  n o t  t o  b e  a c c u r a t e  enough .
5. P.M. No. 1.
S e d i m e n t a t i o n  a s  shewn.  Hazy i n  u p p e r  l a y e r  b u t  
c lumps a r e  a d h e r i n g  t o  t h e  s i d e s  o f  b o t h  t u b e s .
5 .1 5 .P.M. '
S m a l l  q u a n t i t y  o f  t h e  s e d im e n t  p i p e t t e d  o f f  b o t h  
t u b e s  and exam ined  m i c r o s c o p i c a l l y .
E r e e  c e l l s  and clumps o f  a g g l u t i n a t e d  c e l l s .  Some o f  
t h e s e  c lum ps  shew o b s c u r i t y  o f  o u t l i n e  o f  t h e  c e l l s  
b u t  t h i s  du e  t o  s u p e r - i m p o s i t i o n .  I t  i s  n o t  iso*? 
a g g l u t i n a t i o n .
5.20. P.M.
Tubes p l a c e d  i n  i n c u b a t o r .
"Experiment. 13. ( Contd).
5 .2 5 .P.M. No. 2.
S e d i m e n t a t i o n  a s  shown. Clumps a d h e r i n g  t o  s i d e s  o f  t u b e s  
e s p e c i a l l y  i n  C. a r e  l a r g e r  and more o f  a  s t r e a k y  n a t u r e .  
S u p e r n a t a n t  f l u i d  hazy .
7 .  P.M. No. 3 .
I n  C. t h e  u p p e r  f l u i d  i s  c l e a r  and p r a c t i c a l l y  c o l o u r l e s s .  
J u s t  above t h e  s ed im en t  t h e r e  a r e  clumps w h ich  a r e  o f  
good c o l o u r .
I n  P .  t h e  u p p e r  f l u i d  i s  c l e a r  b u t  d a r k e r  c r im s o n  i n  
c o l o u r , e s p e c i a l l y  a s m a l l  l a y e r  J u s t  above t h e  s e d i m e n t .
8 . 1 5 . P.M.
Tubes  sh ak en  and p u t  back  i n  i n c u b a t o r .
8 . 4 5 . P.M. No. 4 .
I n  C. s e d i m e n t a t i o n  i s  a s  shewn. The u p p e r  l a y e r  i s  hazy  
b u t  i s  c l e a r i n g  a t  t h e  t o p .
I n  P. t h e  c o l o u r  d e e p e n s  g r a d u a l l y  f rom t o p  t o  b o t to m .  The 
c lum ps  now seem l i g h t e r  i n  Co lou r  and have a f l o c c u l e n t  
a p p e a r a n c e .
1 0 . 1 5 . P.M.No.  5 .
I n  C. s e d i m e n t a t i o n  i s  a s  shewn. The i n t e r m e d i a t e  l a y e r  
i s  hazy b u t  t h e  t o p  l a y e r  i s  c l e a r .  L y s i s  i s  v e r y  s l i g h t .  
I n  P .  t h e  s e d im e n t  i s  o f  a l o o s e  f l o c c u l e n t  a p p e a r a n c e .
The u p p e r  l a y e r  i s  c l e a r  and d a r k  c r im s o n  i n  c o l o u r .
Lys i s  has e v i d e n t l y  t a k e n  p l a c e .
1^2
E x p e r im e n t .  13 .  (Co n t d t
11. P.M.
Tubes  sh a k e n  and t h e  c o n t e n t s  exam ined  m i c r o s c o p i c a l l y .
I n  C. t h e  c e l l s  a r e  m o s t l y  d i s c r e t e  b u t  h e r  and t h e r e  
a r e  s m a l l  c lum ps  o f  a few c e l l s .
The c e l l s  shew a  good o u t l i n e  and a p p e a r  t o  r e t a i n  t h e i r  
c o l o u r .
I n  P .  t h e  c e l l s  a r e  i n  p r o c e s s  o f  d i s s o l u t i o n .  There  a r e  
some clumps o f  g h o s t  c e l l s  i n  w h ic h  t h e  c e l l  membrane 




Case. 20. E.S.R. 17.
4 : 1 0 : 4 3 .
My own and p a t i e n t ’ s c e l l s  u s e d .
4.25 P.M.
G lu ta th ione added.
4 . 5 5 . P.M. No. 1.
Small c le a r  top la y e r  in  both tu b e s .  Sedimentation not 
y e t  v i s i b l e  in  C. In P. sedim entation  is  proceeding. 
Placed in  incubato r.
5 . 1 5 . P.M. No. 2 .
In C. sedim entation  i s  much slower. No clumps
In B. sedim entation  i s  advanced. Small clumps on s id e  of
t u b e  u p p e r  laye i?  l i g h t e r  i n  c o l o u r  t h a n  In  C,
C lear la y e r  in  both a t  top . About 4 m.m.
6 .  5 0 . P.M.
Tubes  much t h e  same. Top l a y e r  now ab o u t  10 mm.
Tubes shaken and re tu rn ed  to  incubato r
8.35.*.M, nO. 3.
S e d i m e n t a t i o n  a g a i n  a s  shewn. No. clumps i n  C. Clumps 
i n  P .  now v e r y  s m a l l .  Top l a y e r  c l e a r  a b o u t  10 mm. 
E v i d e n t l y  no  L y s i s .
11.  P.M. No.4 .
As shewn. Upper l a y e r  i n  C. s l i g h t l y  d a r k e r .  No c lu m p s .
I n  P .  c lumps a r e  s m a l l  and s t r e a k y .













Case. 58. E.S.R. 1 h r .  Westergren. 91.
25:10:45.
P a t i e n t ’s blood c o l le c te d  a t  9 .A.M.
My own a t  9*30. A.M.
Cell suspensions prepared.
5 .3 .  P.M. G luta th ione added.
5 .8 .  P.M. Active a g g lu t in a t io n  in both tubes,more marked in  
C.
5.15* P.M. No. 1 .
Well marked clumping on s ide  of tube C. in lower 




5 . 3 0 .  P.M. No. 2 .
Complete  s e d i m e n t a t i o n  i n  C. c l e a r  ab o v e ,
P .  s t i l l  hazy above .
J-'ubes sh a k e n  and p u t  i n  I n c u b a t o r .
5.45. P.M.
I n  0. c l e a r  c o l o u r e d  l a y e r  a t  t o p .  L y s i s .  K es t
«
o f  t u b e  shews f l o c c u l e n t  a p p e a r a n c e .  C o lo u r  
d a r k e n i n g .
I n  P .  s e d i m e n t a t i o n .  Upper l a y e r  hazy b u t  w i t h  
clumps on s i d e  o f  t u b e .
7. P . M .
Shaken  and examined m i c r o s c o p i c a l l y .  * ' lu ld  a lm o s t  
brown i n  c o l o u r .  Clumps o f  c e l l s  w i t h  i l l  d e f i n e d  
membrances .  D i s s o l u t i o n  t a k e n  p l a c e .
Experiment. 16.
Case. 56. E.S.R. 93- 
26 r 10:43.
P a t i e n t *s blood and my own taken a t  4 . 5 0 . P.M.
7 .4 5 .P.M. • • •
G - lu ta th io n e  ad d e d .
7.55*P.M.No.1.
Both upper la y e rs  about the  same. Clumps on s id es  in
bo th  tubes . No# very la rg e .
About t mm. c le a r  la y e r  a t  top .
__
__
Experiment. 16 , (Contd) .
8 .2 5 .P.M. No. 2.
Both upper la y e rs  f a i r l y  c le a r .  Clumps on s ides  
b o th , r a th e r  la rg e r  in  C.
3 mm. upper c le a r  la y e r .
Tubes Shaken.
10. P.M. No. 3.
5 mm. c le a r  la y e r  a t  topof C.
Supernatant f lu id  In P. i s  darker than In C,
5 mm. la y e r  a t  top In P. is  c le a r  but coloured. 
Lysis ev iden tly  tak ing  p lace here .
A ll a t  room tem perature .
139.
Experiment. 17.
P a tie n t* s  blood c o l lec ted  a t  9 .A.M. My own a t  9 .30 .
4 .4 2 .P.M. G luta th ione added.
5 . 5 . P.M. No.1.
S l ig h t ly  more sedim entation in  P. Adhering clumps a re
sm all. More in  P.
8 .P.M. Tubes shaken.
8 .4 5 .P.M. NO.2.
jjo c l u m p s • Sedimentation as shewn. Clear top  la y e r .  No
i
L y sis .  Colour good.Shaken and put in  incubato r
9 .4 5 .P.M. No.3-
As shewn. No l y s i s .  Colour good.
140.
I n  some o f  t h e s e  o a s e s  where  t h e  blood, was t a k e n  a t  t h e
b e d s i d e ,  I  c o l l e c t e d  some o r  my own a t  t h e  same t i m e  -  i n  b o t h
c a s e s ,  f o u r  o r  b l o o d  t o  one o f  c i t r a t e .
No c e l l  c o u n t s  o f  t h e  washed c e l l  s u s p e n s i o n s  w ere  d o n e ,  b u t  
t h e  s u s p e n s i o n s  w ere  matched a s  n e a r l y  a s  p o s s i b l e  by c o l o u r .
My own E .S .K .  i s  a l i t t l e  above n o rm a l  b u t  i t  i s  d o u b t f u l  i f  
t h i s  has  made much d i f f e r e n c e .
An e x a m i n a t i o n  o f  t h e  r e s u l t s  o f  t h e s e  e x p e r i m e n t s ;  8 t o  17;
would seem t o  shew a s l i g h t  p r e p o n d e r a n c e  i n  f a v o u r  o f  t h e
i d e a  t h a t  t h e  p a t i e n t * s  c e l l s  a r e  more v u l n e r a b l e  t o  t h e  a c t i o n  
o f  g l u t a t h i o n e .
T h i s ,  however ,  i s  a v e r y  s m a l l  s e r i e s  and no d e f i n i t e  
c o n c l u s i o n  can  be d raw n  from i t .  To do t h i s  would r e q u i r e  more 
t im e ,m o r e  m a t e r i a l  and more s p e c i a l i s e d  equ ipm en t  t h a n  I  can  
command.
I t  h a s  been  p r e v i o u s l y  q u o t e d  f rom “Advances i n  Enzymology“
 ----  i t  i s  c l e a r  t h a t  o t h e r  s u b s t a n c e s  ( c y s t e i n e , a s c o r b i c  a c i d
e t c . ,  shown t o  o c c u r  i n  l i v i n g  t i s s u e s  a r e  a l s o  p o t e n t i a l  
a c t i v a t o r s  ".
The e f f e c t  o f  p u r e  a s c o r b i c  a c i d  on s i m i l a r  r e d  c e l l  s u s ­
p e n s i o n s  was t r i e d .
T h i s  was found  t o  have an e f f e c t  somewhat s i m i l a r  t o  t h a t  
o f  g l u t a t h i o n e ;  a g g l u t i n a t i o n ,  t h e n  h a e m o ly s i s  and f i n a l l y  
l y s i s .
as observed i n  th e  t e s t i n g  t u b e s  t h e  a c t i o n  seemed t o  d i f f e r .
The c lumps formed d i d  n o t  a p p e a r  t o  be  so  a d h e s i v e  and t h e  
f l o c c u l e n t  a p p e a r a n c e  o b s e rv e d  w i t h  g l u t a t h i o n e  b e r o r e  f i n a l  
c e l l  d i s s o l u t i o n  was n o t  n o t i c e d .
h i k e  g l u t a t h i o n e ,  i t s  a c t i o n  was i n h i b i t e d  by bodium f l u o r i d e .  
Though s e d i m e n t a t i o n  d i d  n o t  o c c u r ,  t h e  c o n t e n t s  o f  t h e  t u b e  
seemed somewhat d e n s e r  and d a r k e r  i n  c o l o u r .
On t h e  a d d i t i o n  o f  T ann ic  Acid  s o l u t i o n  t o  t h e  f l u o r i d e  
t r e a t e d  t u b e  t h e  r e a c t i o n  a g a i n  d i f f e r e d .  I n s t e a d  o f  t h e  r a p i d  
a g g l u t i n a t i o n , s e d i m e n t a t i o n  and r e t e n t i o n  o f  c o l o u r  i n  t h e  
g l u t a t h i o n e  e x p e r i m e n t ,  t h e r e  was a g g l u t i n a t i o n  w i t h  
p r a c t i c a l l y  no s e d i m e n t a t i o n , a n d  t h e  c o l o u r  changed  t o  a 
c h o c o l a t e  s h ad e .
No f u r t h e r  e x p e r i m e n t i n g  was done w i t h  t h e  a s c o r b i c  a c i d .  
A s c o r b i c  a c i d  i s  p r e s e n t  i n  p lasm a  b u t  i t  may be  q u e s t i o n e d  
w h e th e r  i t  has  any e f f e c t  on s e d i m e n t a t i o n  r a t e s .  I n  some o f  
t h e  c o n d i t i o n s  where  t h e r e  i s  a v e ry  h i g h  r a t e ,  s u ch  as  
r h e u m a t i c  f e v e r  and a c u t e  i n f e c t i o n s ,  t h e r e  i s  a  d e f i c i e n c y  
o f  a s c o r b i c  a c i d  i n  t h e  p l a s m a .
u - l u t a t h i o n e  i s  n o t  p r e s e n t  i n  p lasm a  so t h a t  t h e  i n v e s t i g ­
a t i o n  o f  i t s  e f f e c t  on r e d  c e l l  s u s p e n s i o n s  can have no d i r e c t  
c o n n e c t i o n  w i t h  t h e  c lumping which t a k e s  p l a c e  i n  abnormal  
s e d i m e n t a t i o n  r a t e s .
The p o i n t  o f  i n t e r e s t  i s  t h a t  i t  can  a c t  a s  an a g g l u t i n i n .  
J u s t i f i c a t i o n  o f  i t s  u s e  i n  i n v e s t i g a t i n g  what  I  have termbd 
t h e  v u l n e r a b i l i t y  o f  t h e  r e d  c e l l  i n  v a r i o u s  c o n d i t i o n s  m ig h t
1 4 2 .
be found  i n  a n o t h e r  a s p e c t  o f  a g g l u t i n a t i o n .
i n  t h e  Thomsen phenomenon a g g l u t i n a t i o n  can be  cau se d  
by c e r t a i n  t y p e s  o f  c o n t a m i n a t i n g  b a c t e r i a  which have  g a i n e d  
a c c e s s  t o  s t o r e d  b l o o d .
•‘A g g l u t i n a t i o n  t h e n  o c c u r s  b e c a u s e  t h e  c e l l s  t h e m s e l v e s  
have become a g g l u t i n a b l e  by p r a c t i c a l l y  any no rm a l  human 
o r  a n im a l  s e r u m ' .
‘‘The D e t e r m i n a t i o n  o f  .-Blood Groups. '* M.h.O. Memoranda 9 
The p o i n t  h e r e  i s  t h a t  th e  c e l l s  t h e m s e l v e s  have  become 
a l t e r e d  and p r e su m a b ly  t h e  amount o f  a l t e r a t i o n  w i l l  be 
p r o p o r t i o n a t e  t o  t h e  s t r e n g t h  o f  t h e  t o x i n  which c a u s e s  i t .
I f  s o ,  t h e n  i t  i s  a n a t u r a l  a s s u m p t i o n , t h a t  i n  p a t h o l o g i c a l  
c o n d i t i o n s  and in  t h e  v a r i a b l e n e s s  o f  t h e s e  c o n d i t i o n s ,  t h e  
a g g l u t i n a b i l i t y  o f  t h e  r e d  c e l l s  w i l l  a l s o  v a r y .
t h a t  t h i s  i s  s o ,  I  b e l i e v e r s  shewn by t h e  v a r y i n g  s e d i m e n t ­
a t i o n s  r a t e s .
The o t h e r  q u e s t i o n  i s  whethefc t h e  a g g l u t i n a t i n g  a c t i o n  
o f  G l u t a t h i o n e  i s  s i m i l a r  o r  com parab le  t o  t h e  a c t i o n  o f  
n a t u r a l l y  o c c u r r i n g  a g g l u t i n i n s .





My own "blood, was u s e d .
4 c c .  o f  a m i x t u r e  o f  1 c c .  o f  3*87° Sod. c i t r a t e  and  
3 c c .  o f  b l o o d ,  were d i v i d e d  i n t o  two p a r t s .
To one p a r t  was added 0*2 cc .  o f  a  1% o f  S o d . P l u o r i d e  
i n  no rm a l  s a l i n e .
To t h e  o t h e r  was added 0*2 c c .  o f  norm al  s a l i n e .
P u t  up i n  W e s te rg re n  t u b e s .
R e s u l t .
a . S . K .  1 h r . 2 h r s .  24 h r s .
Control tube 14. 36. 92.
Fluoride. 15. 37. 62 .
e x p e r i m e n t .  19^
Case. 56. 
26:10:43^.
C l t r a t e d  b lo o d  -  1 c c .  o f  c i t r a t e  t o  f o u r  o f  b lo o d  
C o l l e c t e d  a t  4 . 4 5 .P .M .
At 5 . 2 0 . P.M. was d i v i d e d  i n t o  two p a r t s .
To one p a r t  were  added a  few mgs. o f  Sod. f l u o r i d e .  
P u t  up In W e s te rg r e n  t u b e s .
R e s u l t j .
jfi.s.K. I-far.fc
C o n t r o l  93.
F l u o r i d e .  37.
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D u r in g  t h e  f i r s t  f i f t e e n  o f  tw en ty  m in u te s  t h e r e  were 
o b v io u s  a g g r e g a t i o n s  o f  c e l l s  i n  t h e  t o p  l a y e r  o f  t h e  
u n t r e a t e d  t u b e .
i h l s  was n o t  n e a r l y  so marked i n  t h e  f l u o r i d e  t u b e .
At th e  end o f th e  hour th e  top  la y e r  o f  th e  f lu o r id e  tu b e  
was hazy w ith  no c l e a r  l i n e  o f  d em a rca tio n .
The u n tr e a te d  tu b e  shewed a c le a r  l i n e  o f  d em arcation  
w ith  th e  upper la y e r  c le a r .
One h a l f  o f  t h e  c i t r a t e d  b lo o d  was t r e a t e d  w i t h  
Sod.  f l u o r i d e ,  a v e ry  s m a l l  q u a n t i t y  on t h e  p o i n t  o f  a 
s c a l p e l .
e x p e r i m e n t . 20.
Case.  5 6 .  
31■1!44»
W es te rg re n  t u b e s  were u s e d .  
K e s u l t .
Jfi. S .d 2- .h r .  2 _ h r g ,  4  h r s
U n t r e a t e d  t u b e 7 2 .  108 .  120
i ' l u o r i d e  t u b e 67 .  95 .  110 .
e x p e r i m e n t .  21 .
Case .  5 6 .  
2 4 i 3 : 4 4 .
Saijie p r o c e d u r e  f o l l o w e d .
14b.
R e s u l t
E . S .R 1 h r .
U n t r e a t e d  t u b e 93
f l u o r i d e  tu b e 90
In  t n e  u p p e r  p a r t  o r  t h e  f l u o r i d e  t u b e  t h e r e  was d e f i n i t e  
c lu m p in g .
In  e a c h  o f  t h e s e  e x p e r i m e n t s  t h e  q u a n t i t y  o f  f l u o r i d e  
used  was much i n  e x c e s s  o f  t h a t  e v i d e n t l y  r e q u i r e d  t o  i n h i b i t  
t h e  enzyme fo rm ing  l a c t i c  a c i d ,  i t  may have c au se d  some 
p h y s i c a l  change i n  t h e  p la sm a  i t s e l f .
The r e s u l t s  o f  e x p e r i m e n t s  19 .  and 21 .  a r e  d i f i i c u l t  t o  
r e c o n c i l e  b u t  I  am i n c l i n e d  t o  a c c e p t  t h e  r e s u l t  i n  21.
I t  h a s  been  shewn t h a t  t h e  a c t i o n  o r  g l u t a t h i o n e  i s  
i n h i b i t e d  by sod .  f l u o r i d e . ,  e v i d e n t l y  t h i s  d o es  n o t  a p p ly  t o  
t h e  s u b s t a n c e  o f  a g g l u t i n i n  w h ich  c a u s e s  c lum ping  i n  
s ed imen t  a t  1 on.
On t h e  f o l l o w i n g  page  i s  shewn a  p i e c e  o f  a p p a r a t u s  which
I  made t o  s tu d y  t h e  e f f e c t s  p r o d u ce d  i n  t h e  a c t i o n  o f
r e d u c e d  g l u t a t h i o n e  on r e d  c e l l  s u s p e n s i o n s .
The o r i g i n a l  t u b e s  were  s l i g h t l y  d i f f e r e n t  i n  b o r e  an d  
w ere  r e p l a c e d  by two H a ld a n e  h a e m o g lo b in o m e te r  t e s t i n g  t u b e s  
o f  p r a c t i c a l l y  i d e n t i c a l  b o r e .
The b o t to m  i s  s o l i d  b r a s s  so t h a t  i t  can  b e  immersed i n  
t h e  w a t e r  i n  t h e  chamber  o f  t h e  i n c u b a t o r .
I t  h a s  two p l a s t i c e n e  i n s e r t s  f o r  t h e  t u b e s  t o  r e s t  on .
147.
F u l l  S i z e .
1 4 8 .
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i  h a v e  i n s t a n c e d  t h e  c lum ping  and s e d i m e n t a t i o n  which  
t a k e s  p l a c e  when c e l l s  and serum of  i n c o m p a t i b l e  b l o o d s  a r e  
p u t  up i n  t h e  c a p i l l a r y  lymph t u b e s .
T h i s  i n  a  medium f r e e  o f  f i b r i n o g e n .
The T a n n ic  a c i d  r e a c t i o n ,  th o u g h  more r a p i d ,  f o l l o w s  t h e  
same p a t t e r n .
x h i s  i n  a  medium d e v o i d  o f  p r o t e i n ,  
m  a b n o rm a l  s e d i m e n t a t i o n  r a t e s  t h e r e  i s  a g a i n  c lum ping  
f o l l o w e d  by s e d i m e n t a t i o n ,  th o u g h  more s l o w l y .
T h i s  i n  a  medium c o n t a i n i n g  f i b r i n o g e n .
I t  w ould  seem t h a t  t h e  s eco n d  e s s e n t i a l  p a r t  o f  t h e  
phenomenon of  s e d i m e n t a t i o n  i s  c lum ping  o f  c e l l s  or  o f  
r o u l e a u x .  T h i s  a c c o m p l i s h e d ,  t h e  t h i r d  p a r t  would  seem t o  be 
a  s im p l e  g r a v i t a t i o n a l  a c t i o n  t h e  r a p i d i t y  o f  w h ich  w ould  
v e r y  a c c o r d i n g  t o  t h e  s i z e  o f  t h e  c lum ps .
i t  h a s  t o  be  remembered t h a t  i n  t h e  s e d i m e n t a t i o n  t e s t ,  
t h e  f a l l  of  t h e  c e l l s  i s  t a k i n g  p l a c e  i n  a  c o l l o i d  s o l u t i o n .
A ccord ing t o  most a u t h o r i t i e s  th e  v a r ia t io n  o f th e  r a t e  
o f  se d im e n ta tio n  i s  cau sed  by v a r ia t io n  in  th e  c o n s t i t u t io n  
o f  th e  p la sm a , i t  i s  s t a t e d  th a t  d is tu r b a n c e  o f th e  b a la n ce  
o f  th e  p r o t e in s  in  th e  p lasm a c a u se s  an in c r e a s e d  r a t e .
i  cannot speak d i r e c t l y  a s  t o  t h i s  but in  two or my c a s e s  
(2o  and 49) w ith  heavy a lb u m in u ria  and in  w hich one w ould  
n a t u r a l ly  e x p ec t a c o n s id e r a b le  d is tu r b a n c e  in  th e  p r o te in  
b a la n c e , th e  sed im en ta tio n  r a t e  was o n ly  m od erate.
lbo .
A n o th e r  e x p l a n a t i o n  of  t h e  v a r i a t i o n  i n  t h e  s e d i m e n t a t i o n  
r a t e  i s  o f f e r e d  (Uordan and  W ard ley)  -  “t h e  i n h i b i t i o n  o f  
one p r o t e i n  by  a n o t h e r 1' .
A h a p p i e r  e x p r e s s i o n  t o  my mind w ould  h a v e  b e e n  V a r i a t i o n  
i n  t h e  l u b r i c i t y  o f  t h e  p l a s m a .
n e i t h e r  o f  t h e s e  s t a t e m e n t s  o f  c o u r s e  i s  a  s t r i c t l y  
s c i e n t i f i c  e x p l a n a t i o n ,
i n c r e a s e d  f i b r i n o g e n  c o n t e n t  of  t h e  p l a s m a  h a s  a l s o  been  
a s s i g n e d  a s  a  c a u s e  of  i n c r e a s e d  r a t e s .  As 1 hav e  s t a t e d  
p r e v i o u s l y  t h i s ,  a s  an e x p l a n a t i o n ,  h a s  seemed t o  me t o  be 
d o u b t f u l .
T h e re  i s  one a s p e c t  o f  t h e  c lum ping  which  t a k e s  p l a c e ,  
e s p e c i a l l y  i n  h i g h  r a t e s ,  which  i s  w o r th y  o f  n o t e  and t h a t  i s  
t h e  l o o s e  a s s o c i a t i o n  o f  t h e  c e l l s  and  r o u l e a u x  which  form  
t h e  c lu m p s .
The a c t i o n  i s  e a s i l y  r e v e r s i b l e  and  one would  n a t u r a l l y  
e x p e c t  t h i s  t o  b e  s o .  i n  v i v o ,  t h e  t u r b u l e n c e  of  t h e  b l o o d  
s t r e a m  i s  p r o b a b l y  s u f f i c i e n t  t o  p r e v e n t  a g g l u t i n a t i o n .
So f a r ,  a g g l u t i n a t i o n  and t h e  s e d i m e n t a t i o n  s u b s e q u e n t  
upon  t h i s ,  h a v e  been  d i s c u s s e d .  These  a r e  phenomena w hich  l e n d  
t h e m s e l v e s  t o  d i r e c t  o b s e r v a t i o n .
The f i r s t  e s s e n t i a l  p a r t  o f  t h e  phenomenon of  s e d i m e n t a t i o n  
i s  l a r g e l y  o f  a  s p e c u l a t i v e  n a t u r e .
What c a u s e s  t h e  r e d  c e l l s  t o  become a g g l u t i n a b l e ?
lb l .
in  the case of in fec tio u s  d iseases i s  i t  caused by the action  
of toxins?
What happens in  chronic kidney and heart disease? i s  the 
cause here n utrition al?
in  simple fractures with c e l l  destruction  and absorption  
due to  enzyme action , has th is  action any effect?
Granting the presence of an agglutinogen -  using th is  term 
in  a generic sense -  i s  the agglutinogen sp e c if ic  or non­
sp ec ific?
Again,what a ctiv a tes  the agglutinogen? Assuming -  again 
in  a generic sense -  that i t  i s  an agg lu tin in , i s  th is  sp e c if ic  
or n on-sp ecific?  I s  i t  present in normal blood or i s  i t  
produced by the same causes which produce the agglutinogen?
The answers, so far as x can gather, to  the most of these  
questions has s t i l l  to  be found,
l  have only one observation bearing on one of them. Xn 
speaking of the Thomsen phenomenon i t  was stated  that the 
c e l l s  became agglutinable to normal serum,
in  section  i l ,  I have shewn some experiments where the c e l l s  
from cases with varying sedimentation ra tes were treated  with 
normal A.B.plasma, in them nothing occurred. There was no 
agglu tination . I am not prepared to  found on th is  because X 
dan*t know in  what way the c e l l s  might be changed by washing.
Otherwise i t  might have been  ded u ced  that the particu lar  
agglu tin in  was not present in  normal plasma.
Enzymology to-day i s  impinging more and more on medical 
science and the p o s s ib i l i ty  of enzyme action  entering in to  
the causation of Abnormal sedimentation ra tes  was considered  
Tentative experiments to  find  a connection with enzyme 
action  by the use of reduced glutath ione have been described  
Though the r e su lts  from th is  were somewhat analogous to  
natural sedimentation yet one can not found an analogy alone 
Whether the e ffe c t  of the reduced glutath ione i s  a 
bio-chem ical or simply a physico-chem ical one 1 am unable to  
say. The in h ib itio n  of i t s  action by sodium flu or id e  i s  
su ggestive but not, I think, conclusive.
The acid  t e s t ,  the t r ia l  of sodium flu orid e  d irect on 
c itr a te d  blood with abnormal ra tes , would seem to  in d ica te , 
i f  th is  can be taken as a c r iter io n , that tne question of 
enatyme action  can be excluded.
To m yself and i  expect to  many others, the question of 
the causation of the f i r s t  stage in abnormal sedimentation  




Mrs. I  . V,r . Age. 23 Y rs .
1 :11 :4 1 .
Has h ad  T .B , s p in e  f o r  a b o u t  t h r e e  y e a r s .  S t i l l  
w e a r in g  s p i n a l  s u p p o r t .
C o m p la in in g  o f  u r i n a r y  symptoms f o r  a b o u t  a  y e a r .  
P a i n f u l  and  f r e q u e n t  m i c t u r i t i o n .  P a in  and  t e n d e r n e s s  i n  
r i g h t  l o i n .  G e n e ra l  c o n d i t i o n  i s  b ood.
I n  t h e  c e n t r i f u g e d  d e p o s i t  o f  one o f  t h e  sp ec im e n s  o f  
h e r  u r i n e  I  g o t  a  clump of 1 . 3 .
E .S .R .  ? fe s t3r g r e n .  1 h r .  4 .
A few weeks l a t e r  t h e  k id n e y  was rem oved .
C ase  m e n t io n e d  b e c a u a e e  i t  i s  one o f  th e  few o c c a s io n s  
on w hich  I  h av e  g o t  i . B .  i n  a  u r i n e ,  and a l s o  on a c c o u n t  o f  
t h e  n o rm a l  s e d im e n ta t i o n  r a t e  i n  t h e  p r e s e n c e  o f  f a i r l y  
e x t e n s i v e  t u b e r c u l a r  d i s 3a s e .
C ase  1 .
A .H , Age. Yrs .  Vanman
h ov . 1940
C om pla in ing  o f  cough , b r e a t h l e s s n e s s  and  weak­
n e s s .  E x a m in a t io n  shewed t h e  u s u a l  t h i n ,  anaem ic  and  l i s t ­
l e s s  s u b j e c t .  F o c i  p r e s e n t  i n  b o th  lu n g s .
E .S .R .  W este rg ren *  1 h r .  5 7 .
n o t i f i e d  and  e n t e r e d  a  S a n a to r iu m .
1 7:12:41 /
Ibb.
Case 1. (cont inued)
1 7 :1 2 :4 1 .
D is c h a rg e d  from  S a n a to r iu m  f o r  d i s c i p l i n a r y  
r e a s o n s .  G e n e r a l  and c h e s t  c o n d i t i o n  v e ry  much im p ro v e d ,  
b u t  some cough  s t i l l  p r e s e n t .
W e s te rg re n .  C a p i l l a r y  t u b e . 
E .S .R .  1 h r .  21 . 13.
R e fu s e d  t o  r e - e n t e r  S a n a to r iu m  and s t a r t e d  v/ork.
1 3 :3 :4 2 .
G e n e r a l  and  c h e s t  c o n d i t i o n  d e t e r i o r a t i n g .
S t i l l  r e f u s e d  t o  e n t e r  S a n a to r iu m .
W e s te rg re n .  C a p i l l a r y  t u b e . 
E .S .R .  1 h r .  4 7 . 24 .
1 5 : 6 :4 2 .
C o n d i t io n  s t i l l  d e t e r i o r a t i n g .  C o n s e n te d  t o  
e n t  e r  San a t  o r  ium .
W e s te rg re n .  C a p i l l a r y  . t u b e . 
1 h r . 24 h r s .  1 h r .
E .S .R .  70 . 125 . 31 .
Constant Volume. Wintrobe tube. 2 .° $ . C o r re c te d . .  -  36$ .
lb® •
Case.  2.
H .B . Age 40 Y rs .  P a i n t e r .
1 9 :1 2 ;4 1 .
C o m p la in in g  o f  i n t e n s e  h e a d a c h e ,  a s s o c i a t e d  
som etim es  w i th  v o m i t in g .  Some a c i d i t y  a l s o  c o m p la in e d  o f  
t o o .  Though somewhat n e u r o t i c  and  e a s i l y  e x c i t a b l e  t h e  
h e a d a c h e  i s  n o t  t y p i c a l l y  m ig r a in o u s .  Knee j e r k s  a c t i v e .  
O th e rw is e  h e a l t h y ,  imo d e f i n i t e  s i g n s  o f  l e a d  p o i s o n i n g .  
B lood  p i c t u r e  n o rm a l .
W e s te rg r e n . C a p i l l a r y  t u b e . 
E .S .R .  2 . 1*5.
29:6^42.
Wot much change  i n  symptoms or g e n e r a l  c o n d i t i o n .
W e s te rg re n .  C a p i l l a r y  t u b e . 
E .S .R .  1*5*
Hb, 98 fo . (C arbon  monoxide -  H a ld a n e ) .  
C i t r a t e d  p la sm a  p /H .  b e tw een  7*6 and  7*8 .
B lood  g ro u p .  B.
Ib7.
Case 3.
M rs. A . Age. 43* Y rs .  H o u se w ife .
2 3 :1 :4 2 .
M enopausa l;  F lu s h i n g ;  p e r i o d s  o f  m e n ta l  d e p r e s s i o n  
and i n t e n s e  l a s s i t u d e .  W eight i n c r e a s i n g .  Some a r t h r i t i s  
i n  b o th  f e e t .
Westergren. C a p i l l a r y  t u b e . 
E.S.K. 1 hr. 8. ' 7 . 5 .
Case. 4 .
Miss E -.H------ . Age. 46 Y r s .  We a v e r .
1 0 :5 :4 1 .
S u b a c u te  rh e u m a to id  a r t h r i t i s .  Knees, w r i s t s ,  
meta-carpo-phalarigeal and  f i n g e r  j o i n t s  a f f e c t e d .  Any of  
t h e s e  w ould  s w e l l  up s e p a r a t e l y  a t t im e s  and i n  a  day or 
two s u b s id e  a g a i n .  One o r  o th e r  knee would f i l l  up and in  
a  few d ay s  be down a g a i n .  F in g e r  j o i n t s  s p i n d l e  sh a p e d ,  
g e n e r a l  c o n d i t i o n  p o o r ,  n e v e r  been  o f f  work.
Hb. 62$ .
E.S.R. 1 h r .  W e s te rg re n .  5 0 . .
Iron i n t e r n a l l y  and  M yocris in  i n j e c t i o n s .
A f t e r  f o u r  i n j e c t i o n s  t h e  s k in  of th e  fo re a rm s
shew ed/
158.
0 a s e . 4 .  (continued)
shewed s i g n s  o f  i r r i t a t i o n  and th e  Myocr.isin wajs sh o p p ed . 
28 : 6 :4 1 .
G e n e r a l  c o n d i t i o n  b e t t e r  b u t  j o i n t s  no  b e t t e r .  
W arren Crowe v a c c in e  s t a r t e d .
3 : 1 0 : 4 1 .
J o i n t  c o n d i t i o n  seems a  l i t t l e  b e t t e r .
Hb. 68$.
E .S .R .  1 h r .  W e s te rg re n .  12 .
1 : 1 1 : 4 1 .
O e n e r a l  c o n d i t i o n  b e t t e r .  J o i n t s  n o t  much more 
d i f f e r e n c e .
Hb. 7 2 $ .
S t a t i o n a r y .  V a c c in e  s to p p e d .
W e s te rg re n .  C a p i l l a r y  t u b e .
1 h r .  24 h r s .___ 1 h r .  24 h r s .
E .S .R .  24 . 110 . 14 . 5 4 ,
2 9 : 8 : 4 2 .
G e n e r a l  c o n d i t i o n  and j o i n t s  much th e  same. 
M y o c r is in  i n j e c t i o n s  s t a r t e d  a g a in .
3 0 : 1 2 : 4 2 .
G e n e r a l  c o n d i t i o n  b e t t e r  b u t  j o i n t s  s t i l l  
t r o u b le s o m e /
1 5 9 .
Case. 4 .  ( c o n t in u e d ) .
troublesome. No sign of skin com p lic a t io n s  with the 
Myucrisin.
W estergren. C a p il la ry  tu b e.
1 h r . &  h r s . 1 hr. 24 hrs.















Fibrinogen, (corrected ). -  0*47$
.1 6 : 1 0 :4 3  ■
Finished another course of Myocrisin three weeks 
ago. General condition and jo in ts  much improved.
E.S.R. 1 hr.
Westergren. 9*
Veridia. 10D mm. 9*5
Micro-bore. 100 mm. 9*5
Wintrobe. 9*5
C 01i3"CS-li ii /
ItoO,
Case. 4 .  (co n t in u e d ) .
C o n s ta n t  vo lum e. ( W in t r o b e ) .  29$ .  C o r r e c t e d .  36$.
P la sm a  F i b r i n o g e n .






2 2 . 





A v e ra g e .  2 1 .9
F i b r i n o g e n ,  ( c o r r e c t e d ) .  = 0 - 3 7 $
C a s e .  5 .
M iss B—#— .B------ . Age. 5 7  YT B * Weaver
O nly c o m p la in t  i s  o f  t i r e d n e s s .  i\io p h y s i c a l  s i g n s .  
G e n e r a l  e x a m in a t io n  n e g a t i v e .  Anaemic and  d e b i l i t y .
W e s te rg r e n . C a p i l l a r y  t u b e .
1 h r .  24~~Hrs. 1 h r .  24 h r s .
E .S .R .  12 . 8 0 .  1 2 .5  3 5 .
2 7 : 4 ; 4 2 .
A f t e r  t r e a t m e n t  and r e s t .
E . S . R . /
lfel.
Case.  5. (continued)
W e s te r g r e n . C a p i l l a r y  t u b e . 
1 b r .  24 h r s .  1 h r .  24 h r s .
E .S .R .  6 .  9 2 .  5 . 3 9 .
Case. 6.
Mrs. A ,H . Age. 38 yrs. Housewife.
Pain and tenderness in l e f t  lo in , xmo urinary  
symptoms, ho albumin. Centrifuged urinary deposit shews 
a few pus c e l l s  and a varied m icrobial f lo r a . Examination 
in  Infirmary of kidney and urinary tract shewed no 
abnormality.
Westergren. C apillary tube .
1 hr. 24 hrs. 1 hr. 24 hrs.
E.S.R. 7* 70. 6. 35*
Qfl.se; 7 .
Mrs. M . Age 54 yrs. Housewife.
21 0 1 4 2 .
A rth r itis  of r igh t knee jo in t . Some thickening  
round the jo in t . Small amount of f lu id  present in  the 
jo in t . General condition i s  good.
W e s te rg re n .  C a p i l l a r y  tu b e  . 
E .S .R .  1 h r .  5* 4 -5
162.
Case. S .
J  . S . A0 e .  59 y r s .  Farm er
■9,:2;42,,_
C o m p la in in g  f o r  t h e  l a s t  few days  o f  p a i n  i n  th e  
f r o n t  o f  t h e  c h e s t  and co u g h .
H i s t o r y  of n o t  b e in g  w e l l  f o r  a b o u t  two m onths 
b e f o r e .  I s  u n d e r  w e ig h t  and  i n  r a t h e r  p o o r  c o n d i t i o n .
E x te n s iv e  p l e u r i t i c  f r i c t i o n  over  t h e  low er 
two t h i r d s  o f  th e  c h e s t  i n  f r o n t ,  i n  th e  l e f t  s i d e ,  
e x t e n d in g  i n t o  t h e  a x i l l a r y  r e g i o n .
Lungs n o rm a l .  H e a r t  n o rm a l .  T e m p e ra tu re  n o rm a l.  
Good d e a l  o f  f l u i d  i n  t h e  l e f t  p l e u r s .
Seen a  few t i m e s .  F l u i d  in c r e a s in g - .  Beyond cough , 
t h e r e  i s  no r e s p i r a t o r y  d i s t r e s s .  T e m p e ra tu re  a lw ay s  
n o r m a l .
2 1 : 2 : 4 2 .
T h is  day  he was h a v in g  a  p r o f u s e  h a e m a t u r i a .
T h e re  was p r e s e n t  i n  th e  u r i n e  a  number o f  t h i n  w o rm -l ik e  
c l o t s ,  t a k e n  t o  be u r e t e r a l .  Temp, n o rm a l .  A s p i r a t e d  h i s  
c h e s t  and w ith d re w  80 oun ces  o f  c l e a r  p l e u r i t i c  f l u i d ,  
w i th o u t  any r e s p i r a t o r y  d i s t r e s s .
j je x t  e v e n in g  he d e v e lo p e d  very  s e v e r e  p a i n  i n  th e  
l e f t  l o i n  and  was s e n t  i n t o  Dundee I n f i r m a r y .
25:3:42/
1 6 3 .
Cass 8.  {con't i n u  ad)
25:3jA£*
Seen on r e t u r n  home. R e p o r t  from  I n f i r m a r y .  -  
"E x a m in a t io n  of u r i n a r y  t r a c t  r e v e a l s  no  a b n o r m a l i t y .  
"Rem ains of f l u i d  i n  p l e u r a  l e s s e n i n g " .
A few days  l a t e r  was a o n p la in in g  o f  p a i n  i n  t h e  
low er  c a r d i a c  and e p i g a s t r i c  a r e a .  He th o u g h t  t h i s  was 
w o rse  a f t e r  e a t i n g  and a l s o  on b en d in g  f o rw a r d .
F u r th e r  e x a m in a t io n  i n  t h e  I n f i r m a r y  R e p o r t .  -  
"X r a y  o f  c h e s t  shows a l i t t l e  f l u i d  r e m a in in g  a t  l e f t  
" b a s e ,  b u t  m ost o f  what was t h e r e  h a s  b een  a b s o rb e d .  
"B arium  m eal shews a  n o rm a l  g a s t r o - i n t e s t i n a l  t r a c t . "
Some days  l a t e r  he d e v e lo p e d  a  s w e l l i n g  o f  t h e  
g ro u p  o f  g l a n d s  a t  t h e  a n g le  o f  th e  r i g h t  jaw . S w e l l in g  
f a i r l y  h a r d ,  l a r g e  and p a i n f u l ,  Rem ained h a r d ,  no  
s o f t e n i n g ,  ho a b s c e s s  f o r m a t io n ,  b u t  b ro k e  down s u p e r ­
f i c i a l l y  i n  one or two p l a c e s  w i th  o o z in g  o f  p u s ,  more 
l i k e  a  g ra n u lo m a .  F i lm  o f  p u s ,  s t a i n e d  Gram was 
n e g a t i v e .
Y fes te rg re n .  C a p i l l a r y  t u b e .
1 h r .  24 h r s .  1 h r .  24 h r s .
E .S .R .  8 6 . 138. 4 5 .  5 2 .
28:4*42.
G lands  im p ro v in g .
over
lt>4.
Case. 8 .  (continued)
Hb. 60$
R .B .C . 3*4 m i l l .
W.B.O. 8800
Westergre n . C a p i l l a r y  t u b e .
E .S .R .  a t  end o f  10 m ine . 55* 24.
n 20 n 9 2 . 3 6 .
" 30 " 100 . 4 1 .
11 40 " 103 . 4 4 .
■ 50 " 113. 4 5 .
w 60 " 1 1 6 . 4 6 .
C o n s ta n t  volum e. W in tro b e .  28%. C o r r e c t e d .  35%.
The Hb. was done w i th  a  L ov ibond  C om para to r  u s in g  
t h e i r  b lo o d  s l i d e  w i th  a  f i l m  of a c t u a l  b lo o d  0*0043 
in c h e s  t h i c k .  P s e u d o - a g g l u t i n a t i o n  o c c u r r e d  so q u ic k ly  
t h a t  i t  was d i f f i c u l t  t o  g e t  a  r e a d i n g .  Even d i l u t i n g  
h a l f  w i th  n o rm a l  s a l i n e ,  d i d  n o t  h e lp  much.
I t  was t h i s  which s t i m u l a t e d  my i n t e r e s t  i n  th e  
m echanism  o f  t h e  s e d im e n ta t io n  r a t e .
5 : 6 : 4 2 . W e s te rg re n . C a ; i l i a r y  tu b e
E .S ,R .  1 h r . 1 2 7 . 4 8 .
3 0 :6 :4 2 .
W e s te r g r e n . C a u i l l a x y  tu b e
E .S .R .  1 h r . 105. 4 5 -5 .
P s e u d o - a g g l u t i n a t i o n  p r e s e n t  i n  t h e  c i t r a t e d  b lo o d .
2 7 : 7 ; 4 2 .
W e s te rg re n . C a o i l l a r y  tu b e ,
E .S .R .  1 h r . 1 0 9 . 32 .
P la sm a  p /H . be tw een 7•6  and 7 *2 ,
Hb/
Ibb.
Case.  S.  (continued)
Hb. 78fo
W e s te rg r e n .  u a n i l l a r y  t u b e .
E .S .R .  1 h r .  73 . 40 .
F i b r i n o g e n .












A v e ra g e .  15*4.
F i b r i n o g e n .  C o r r e c t e d .  •  0*52$
1 8 : 1 1 ; 4 2 .
E .S .R .  1 h r .  W e s te rg re n  5 9 .
» B M ic r o - b o re .  200 mm. 54 .
* ” M ic r o - b o re .  100 mm. 36 •
F i b r i n o g e n .








l6  *4. 
l 6 * 2 .
1 6 1 .2 .
Case. 6. (continued) .
Average. 16*1.
F i b r i n o g e n .  C o r r e c t e d .  = 0 *5$.
2 5 :1 :4 3 .
W e s te r g r e n . M ic r o - b o r e . 
E .S .R .  1 h r .  5 7 . 3 1 .5 .
F i b r i n o g e n .







1 7 -2 .
17*6 .
167^5"
A v e ra g e .  1 6 *7 .
F i b r i n o g e n .  C o r r e c t e d .  = 0*48$ .
6t^:4,3_v
P lasm a  p /H .  betv/een 7*6 and  7*8.
E .S .R .  . 1 h r .  24 h r s .
W e s te rg re n .  6 9 . 128.
M ic ro -b o re .  100 mm. 4 7 . 6 3 .
W in tro b e .  4 3 .  - .
C o n s ta n t  vo lum e. (W in tro b e )  3 0$ . C o r r e c t e d .  37$ .  
F i b r i n o g e n /
107.














Fibrinogen. Corrected. = 0*6$.
Plasma p/H. between 7*6 and 7*8.
Westergren. Micro-bore. 













1 6 0 .07
Average. 16.
F i b r i n o g e n .  C o r r e c t e d .  = 0*31/
18:9:43./ '
C a sa .  8 . ( c o n t i n u e d ) .  
1 3 :9 :4 3 .
E.S.R. 1 hr . 24 h r s .
60. 124.
45 .5 . 6 3 .
45-5 . 63-5
W e s te rg re n
Veridia. 3LOO mm.
Micro-bore. 100 mm. * •
Constant volume. (Wintrobe). Corrected. 35$*
Plasma p/H. 7*4.
C itrated blood shews a few d iscrete  c e l l s .  Rouleaux 




1 9 . 2 . 
1 9 .1
19-6.
1 9 . 6 .




Fibrinogen. Corrected. * 0*4 2$>
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0 a s e . 9.
W , l  . Ags. 21 Y rs .  J o i n e r .
2 : 4 : 4 2 .
P e r s i s t e n t  f u r u n c u l o s i s  and  a b s c e s s e s  i n
a x i l l a e .  O th e rw ise  q u i t e  a  good sp ec im e n .
W este rg r-a n . C a p i l l a r y  t u b d . 
1 h r .  24 h r s .  1 h r . 2 4 ~ h r s .
E .S .R .  5 .  6 7 . 4 . 5 .  35*
C a s e . 10 .
W R r  . Age. 47 y r s .  F a c to r y  Worker .
3;4?42.
C h ro n ic  b r o n c h i t i s .  F o r  s e v e r a l  y e a r s  h a s  had
p e r s i s t e n t  a t t a c k s  l a s t i n g  s e v e r a l  weeks a t  a  t im e .
O th e rw is e  g e n e r a l  c o n d i t i o n  i s  f a i r l y  good .
B lood  g ro u p .  0 .
W e s te rg r e n . C a p i l l a r y  t u b e .
1 h r . 24 h r s .  1 h r . 24 h r s .
E .S .R .  6 - 3 .  6 7 . 5- 4 5 .
Case. 11.
M iss G—— .B -  . Age 57 Y* s .  At home.
6 : 4 : 4 2 .
Seen in  A p r i l  o f  l a s t  y e a r ,  c o m p la in in g  o f
b e i n g /
170
Cas e .  11, ( c ont inued) .
b e in g  t i r e d  and a  l i t t l e  b r e a t h l e s s ,  wo d e f i n i t e  c h e s t  
s i g n s  b u t  t h e r e  i s  a  b a d  f a m i ly  h i s t o r y  of T .u .
h b .  70^ .
E .S .R .  1 h r .  W e s te rg re n .  50* 
im p ro v ed  and n o t  seen  a g a in  t i l l  now. Same 
Symptoms b u t  b r e a t h l e s s n e s s  w o rse .  A s th m a tic  ty p e  
r h o n e h i  w i th  a  l i t t l e  s u s p i c i o u s  b a c k g ro u n d .  Some cough 
and a l i t t l e  sputum  w hich  i s  n o t  p u r u l e n t ,  ri0 Lung s i ^ n s .  
S u s p i c i o u s  of i . B .
Hb. 75# .
B lood  g ro u p .  A.
• ; * ' > W e s te rg r e n . Cap i l l a r y  tu b  s_.
1 h r .  24 h r s .  f  h r ."  24 h r 3 .
E .S .R .  4 5 .  124. 28. 43 .
n o t e .  A y e a r  l a t e r  d e v e lo p e d  a  r a p i d l y  i n c r e a s i n g
a b d o m in a l  s w e l l i n g ,  e v i d e n t l y  a  c y s t i c  o v a r i a n
c o n d i t i o n .  O p e r a t io n  shewed t h i s  t o  be a  m a l ig n a n t
o y a x ia n  c y s t .
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Case,  12.
M iss J  .D . Age. 63 Y rs .  W eaver.
2 4 : 4 : 4 2 .
F o r a  y e a r  or two h a s  h ad  a t t a c k s  w hich shew
r a l e s  and  r h o n c h i  a p p e a r in g  i n  d i f f e r e n t  p a r t s  o f  th e
c h e s t  a t  d i f f e r e n t  t i m e s .  P r a c t i c a l l y  no cough and  no
sputum  o b t a i n a b l e .  X r a y  e x a m in a t io n  n e g a t i v e .
S u g g e s te d  d i a g n o s i s  o f  a  c o n d i t i o n  o f  a l l e r g y .
W e s te rg re n .  P a p i l l a r y  t u b e . 
1 h r .  24 h r s . 1 h r . 24 h r s *
E .S .R .  18 , 9 5 .  13 . 38 .
C a s e .  13.
M rs. D i t t t .  Age 76 Y rs ,  H o u sew ife .
9 : 4 : 4 2 .
S w e l l in g  o f  abdomen and  d i s c o m f o r t .  Some l o s s
o f  w e ig h t .  L o c u la te d  c y s t i c  tum our p r e s e n t  i n  lo w er  abdomen.
S p e c i a l i s t  u n c e r t a i n  w h e th e r  s im p le  or m a l ig n a n t .  Hb. and
n o rm a l  E .S .R .  seemed t o  i n d i c a t e  a  s im p le  c o n d i t i o n ,  and
t h i s ,  a t  o p e r a t i o n ,  i t  t u r n e d  ou t t o  b e .
Hb. 8 Sfo.
W e s te rg r e n . C a p i l l a r y  t u b e .
1 h r .  24 h r s , 1 h r .  24 h r s .
E .S .R .  ! 6 - 5 . 8 2 .  5 . 3 8 .
"The t e s t i s  a l s o  of v a lu e  i n  d i f f e r e n t i a t i n g  s im p le
and  m a l ig n a n t  p e l p i y  tu m o u rs " .
"W hitby and B r i t t o n " .  1539* P * H 5 *
1 7 2 .
0 a s e . 1 4 .
H .L . Age. 36 Yrs. iMurse.
28:4:42.
Mild generalised  a r t h r i t i s - -  not very ty p ic a l .  
On holiday here for a  week. Came to  get an in ject io n  of 
Myocrisin, part of a course which she was getting  e l s e ­
where. General condition good.
Westera-ren. Capillary tube.
1 h r . 24 hrs. 1 hr . 24 hrs.
E.S.R. 6. '90. 2. 42.
Does not seem quite a su itable case for gold treatment.
Case. 15.
H ,R . Age.. 40 Yrs. Factory Worker.
2:5:42.
This case had been operated upon on 13:2:42 
for tuberculous a sc ite s .  Been putting on weight and 
general condition fa ir .
Westergren. Capillary tube. 
1 hr. 24 i r s . 1 h r . 24 h rs .
E.S.R. 32. 120. 26. 42.
1:6;42 .
Hb. 80$.
Westergren. Capillary tube. 
1 hr. 24 h rs . 1 h r . 24 h r s . 
E.S.R. 13. 95- 15. 39*
30 :6 :4 2 .
Hb. 96% Plasma p/H. 7*6* 
Blood group. A.
E .S.R ./
Case.  15. ( c o n t in u ed ) .
1 Jar. 24 h rs. 1 j h r . 24 hrs.
E.S.R. 10-5. 9-5 .
2 8 :7 :4 2 .
Westergren. C apillary tube
E.S.R. 1 hr. 8. 7.
1:9:42.
Westergren, C apillary tube
E.S.R. 1 hr. 6*5* *•5 .
31:10:42.
Westergren.
1 hr. 24 hrs.
C aoillary .
1 hr, 24 hrs.
E.S.R. 3. 51. 2. 28.
11 i 6 t n .
E.S.R. 1 hr. 24 hrs.











2 2 -1 .
2 2 .
2 2 . 1 .
2 2 - 2 .
2 2 0 . 2 .
Average. 22.
Fibrinogen. Corrected. -  0*37$*
1 7 4 .
s
Case.  1 6 .
T . S------ . Age. 54 Y rs .  Farm er
4 : 5 : 4 2 .  .
S u f f e r i n g  from  L ic h e n  P la n u s  o f  a b o u t  n i n e  
m onths d u r a t i o n .  G e n e ra l  c o n d i t i o n  *• v e ry  g ood .
E .S .R .  . W ester g r e n . P a p i l l a r y t u b e .
1 hr.~^ 4  h r 3 . l~hr~. 2 4  h r s .
2 1 . 1 1 3 . 1 9 * 4 5 .
8 : 6 : 4 2 .
E .S .R .  W e s te rg r e n . C a p i l l a r y . t u b e .
1 h r . 21 h r s .  1 h r . 24 h r s  .
18 . 100. 1 0 *5 . 41 .
1 3 : 7 : 4 2 .
W e s te r g r e n . C a p i l l a r y  t u b  e . 
E .S .R .  1 h r . 24 h r s .  1 h r . 24 h r s .
2 2 . -  18 .
Bh. 92$> P la sm a  p /H .  b e tw een  J * 6  and 7*8*
B lood  g ro u p .  0 .
2 8 : 8 : 4 2 .
W e s te rg re n .  C a p i l l a r y  t u b e .  
E .S .R .  1 h r .  16 . 9 .
Fibrinogen.
C o lo r im e te r  r e a d i n g s
2 5 . 6 .
24-9-
23*0.
2 4 -7 .
. 2 5 -6 .
2 6 .





Average. 2 5 *7 .
Fibrinogen. Corrected. * 0*31$.
17b.
Case.  17 .
C .M . Age. 45 Y rs .  F . S h o p - A s s i s t a n t .
5 : 5 : 4 2 .
Seen a b o u t  s i x  or seven  weeks p r e v i o u s l y .  
T rou b leso m e cough . Temp, r u n n in g  102° -  103° f o r  a b o u t  a  
f o r t n i g h t ,  n o  p h y s i c a l  s ig n s  t o  be made o u t  i n  t h e  c h e s t .
Ten d ay s  a f t e r  i n c e p t i o n ,  t e s t  f o r  T .A .B . and  B r u c e l l a  
n e g a t i v e .
At th e  end o f  a  f o r t n i g h t  t h e  tem p, f e l l  t o  
n o rm a l and  a  p r o f u s e  p u r u l e n t  s p i t  a p p e a r e d .  M o is t  r a l e s  
now a p p e a r e d  a t  t h e  b a s e s ,  p a r t i c u l a r l y  a t  t h e  r i g h t  s i d e .  
Sputum shewed an a lm o s t  c o m p le te  a b s e n c e  o f  m i c r o b i a l  f l o r a .  
T .B . n e g a t i v e .  C o m pla in ing  of w eakness  and p r o f u s e  s w e a t in g  
a t  n i g h t .
E .S .R ,  W e s te rg re n .  C a p i l l a r y  t u b e .
1 h r . 24 h r s . 1 h r . 24 h r a .
4 . 5 . 1 3 -  4 . 3 6 - 5 .
T .B . ta k e n  t o  b e  a b s e n t .
C a se .  1 8 .
j -  . m . Age. 40 Y rs .  h o u s e k e e p e r .
6 : 5 : 4 2 .
S m a ll  c a rc in o m a  o f  b r e a s t ,  ho . g l a n d s .
Excised la te r .
W este rg ren ,.  C a p i l l a r y . t u b e .  
E .S .R .  1 h r . 24 h r s . 1 h r . 24 h r s .
4 . 5 . 9 0 . 4 .  3 6 .
17*.
C as 3 . 19.
G .G . Age 21 Y rs .  H o u sew ife ,
1 1 : 5 : 4 2 ,
E ry them a iModosum, '’S l i g h t l y  an a e m ic .
O th e rw is e  n o rm a l ,
W e s te r a r e n .  C a p i l l a r y  t u b e . 
E .S .R .  1 h r . 24 h r s . 1 h r . 24 h r s .
1 0 * 5 .  9 * 5 .  3 6 .
C a s e .  20 .
W ,M . Age. 65 Y r s .  F a rm e r .
1 7 : 5 : 4 2 .
Been u n d e r  my c a r e  f o r  th e  p a s t  f o u r  y e a r s .  
H y p e r - t e n s i o n  and a lb u m in u r i a .  H i s to r y  of k id n e y  t r o u b l e  
f o r  t h e  p a s t  f i f t e e n  y e a r s .  H is  s y s t o l i c  p r e s s u r e  a t  
f i r s t  was r u n n in g  a b o u t  230 t o  250 mm., th o u g h  l a t t e r l y  
i t  h a s  b een  k e e p in g  ro u n d  a b o u t  1 7 0 . The a lb u m in u r ia  h a s  
a lw a y s  k e p t  a t  a  h ig h  l e v e l .  T here  h a s  n e v e r  been  any s ig n  
o f  oedema. He h a s  a  c h r o n ic  anaem ia  w hich i s  i r o n  
r e s i s t e n t .
Hb. 651o
R. B. C. Mi l l*
G.X. 0 *7 6 .
P la sm a  p/H  7*6*
B lo o d  g ro u p .  A.




. 2 0 . (continued)
E.S .R, 1 hr .
Westergren, 33*
Micro-tube. 100 mm, 35*
Wintrobe tube. 3 0 *














Fibrinogen, Corrected. = 0*66$.
:42 .
Plasma p/H. J 96,
E.S.R. 1 br.
W e s te rg re n  37•
M ic r o - tu b e .  100 mm. 39*
Fibrinogen/
178.


















1 9 ^ .
JL S rjl
















Cass. 20.  (continued)
F i b r i n o g e n .  C o r r e c te d . -  -  0*4 $
4 :1 0 :4 3 .
The urine t o - d a y  i s  t u r b i d  w i th  h y a l i n e  and  
g r a n u l a r  tu b e  c a s ts . These a r e  the o n ly  ab n o rm al 
c o n s t i t u e n t s  p r e s e n t .  Albumin s t i l l  p r e s e n t  i n  l a r g e  
q u a n t i t y .
Hb. 7336.
R .B .C . = 3*75. M il .
C o n s t a n t  vo lum e. (W in tro b e  tu b e )  2 6 .C o r r e c t e d .  = 32$
E .S .R .  1 h r .
W e s te rg re n  17•
M ic r o - tu b e .  100 mm. 24 .
V e r i d i a .  100 mm. 26.
W in tro b e .  24 .
The c i t r a t e d  b lo o d  shews t h e  b u lk  o f  t h e  c e l l s
t o  b e  d i s c r e t e .  R ou leaux  p r e s e n t ,  a r e  s m a l l  i n  s i z e .
F ib r in o g e n .




2 0 - 1 . 
19*6-
1 9 . 8 .
19*7. 
20-1 .
1 9 . 6 .
2 0 *2 .
199-0 
A verage  20 .
F i b r i n o g e n .  C o r r e c t e d .  = 0*41/o.
180.
Case. 21.
H . j  . Age. 3 4 . Housewife.
1 3 : 5 : 4 2 .
C o m p la in in g  o f  w eakness  and  r a t h e r  p r o f u s e  
v a g i n a l  d i s c h a r g e  -  l e u c o r r h e a l ,  due t o  c e r v i c i t i s .
Hb. 70$.
W e s te rg re n .  C a p i l l a r y  t u b e . 
E .S .R ,  1 h r .  24 h r s .  1 h r .  24 h r s .
5-5 . 87 4 -5 . 43.
C a s e .  22.
2 6 : 5 : 4 2 .
M rs, M ------- . Age. 58 Y rs .
Seen two y e a r s  ag o . R heum atic  a r t h r i t i s .  
F i n g e r s  o f  b o th  h an d s  and  one w r i s t  a f f e c t e d .
E .S .R .  1 h r .  W e s te rg re n ,  18.
C o u rse  o f  M y o c r is in  and seen  a b o u t  a  y e a r  l a t e r .
E .S .K .  1 h r ,  W e s te rg re n .  12 .
A n o th e r  c o u r s e  of M y o c r is in  and  s e e n  t o - d a y .  Much
im p ro v e d .
W e s te rg r e n . C a p i l l a r y  tu b e  
1 h r .  24 h r s .  1 h r .  24 h r s .




M rs. D -. Age 49 Yrs .
2 9 : 5 : 4 2 .
S e v e re  d e r m a t i t i s  o f  s c a lp  and f a c e .
W e s te rg re n .  C a p i l l a r y  t u b a . 
1 h r . 24 h r s . 1 h r . 24 h r s .
E .S .R .  8 .  8 0 . 5*5. 35-5.
C a s a .  2 4 .
3 : 6 : 4 2 .
R t t t - . S  . Age. 39 Y rs .  i<urse.
C o m p la in in g  of l a s s i t u d e  and l o s s  of w e ig h t  
w h ich  h a v e  gone on f o r  many m onths . S en t home from  
H o s p i t a l  on lo n g  l e a v e .  R e p o r t  from  H o s p i t a l  s a y s  
n o t h i n g  o r g a n i c a l l y  wrong d i s c o v e r e d .  I s  now v e ry  t h i n  
an d  u n d e r  w e ig h t .
Hb. 75$
W e s te rg r e n . C a p i l l a r y  t u b e .
E .S .R .  1 h r .  3*5 . 2*5 .
O rg a n ic  t r o u b l e  w ould  seem t o  be  e x c lu d e d .
182.
Case.  25.
9 ; 6 ; 4 2 .
Mrs. M . Age* 59 Y rs .
E ig h te e n  m onths ago h ad  e x c i s i o n  o f  b r e a s t  f o r  
e x t e n s i v e  c a rc in o m a .  R a d i c a l  o p e r a t i o n  and t h e r e a f t e r  
deep  X r a y s .
W e s te rg r e n . C a p i l l a r y  tu b e  
1 n r . 24 h r s . 1 h r .  24 h r s .
E .S .R .  9 . 33 . 5 .  4 5 .
C a s e . 2 6 .
1 3 : 6 : 4 2 .  J ------- .8 --------. Age. 65 Y rs .  R e t i r e d
i e a c h e r .
M y o o a r d i t i s .  S l i g h t  g l y c o s u r i a .  Oedema
o f  l e g s .
W e s te rg re n .  C a p i l l a r y  tu b e  
1 h r . 24 h r s .  1 h r . 24 h r s .
E .S .R .  8 . 75* 5* 38 .
C a s e .  2 7 .
1 9 :6 :4 2  .
E ,B . Age 37  Y r s « H o u s e -k e e p e r .
C om pla in ing  of s l i g h t  cough and g r e a t  
l a s s i t u d e .  Had b een  f i v e  y e a r s  i n  a  S a n a to r iu m  and 
d i s c h a r g e d  t h r e e  y e a r s  a g o .  E x a m in a tio n  shews n o  
p h y s i c a l  s i g n s  i n  t h e  c h e s t .
Hb. 60$•
P la sm a  p /H .  7*^ .
E .S .R . /
183.
Case. 27. (Continued),
E .S .R ,
0 a s e . 28 .
2 7 : 6 : 4 2 .
D .id-:----- , Age. 18 Y rs .  A p p r e n t ic e
E n g i n e e r .
v E x te n s iv e  a r e a  o f  deep u l c e r a t i o n  on p o s t e r i o r  
s u r f a c e  o f  l e f t  b u c c a l  membrane, e x te n d in g  on t o  t h e  
p a l a t e  and lo w er  gum. S lo u g h in g  and f o u l  s m e l l i n g .
Temp. 9 9 P -  99*5?
E x a m in a t io n  o f  p u s  by d a rk  g ro u n d  c o n d e n s e r .  
G iem sa s t a i n  and I n d ia n  in k  f i l m  shews f u s i f o r m  b a c i l l i ,  
V i n c e n t ’ s s p i r o c h a e t e s  and s p i r o c h a e t a e  d e n t a t a .
U r in e  e x c r e t i o n  t s 3t  f o r  V itam in  c .  
( d i c h l o r p h e n o l - i n d o  p h e n o l  i n d i c a t o r )  shews much 
d e f i c i e n c y .  3*65 gins. A sc o rb ic  a c i d  r e q u i r e d  t o  p ro d u c e  
s a t u r a t i o n .
Hb. 85j&.
W e s te r g r e n . C a p i l l a r y  t u b e . 
E .S .R .  1 h r .  2 3 . 15 .
w e s t e r g r e n .  C a p i l l a r y  t u b e . 
1 h r . 24 h r s . 1 h r . 24 h r s .
13 . 115. 1-i.
184.
0 a s e . 2 9 .
2:7:42 .
C .p p  . Age. 42 Y rs .  H o t e l - k e e p e r .
Seen f i r s t  t h r e e  d ay s  ago . C o m p la in in g  of 
p a i n  o v er  t h e  low er p a r t  o f th e  l e f t  s i d e  o f  th e  c h e s t  
i n  f r o n t .  i\io d e f i n i t e  p l e u r a l  f r i c t i o n ,  b u t  f l u i d  
p r e s e n t  a t  l e f t  b a s e ,  i^ot rnucn cough and no  3putum.
Some a lb u m in  i n  u r i n e .  Temp, ru n n  in g  99*6 -  100*7•
Hb. 92$
W.B.C. » 8000
P lasm a  p /H  b e tw een  7*6 and 7*8 *
W e s te rg re n .  C a p i l l a r y  t u b e .  
E .S .R .  1 h r .   ^ 8 5 .  4 4 .
F l u i d  i n c r e a s i n g .  Temp. 100*8: P u l s e  J O .
P lasm a  p /H . b e tw een  7*6 and  7*8 .
B lood  group  B.
10 c c .  p l e u r a l  f l u i d  a s p i r a t e d .  C le a r  l i g h t  am ber. 
p/H. 7-6 .
Some mixed w i th  3*8$ Sod. C i t r a t e  s o l n .  and 
c e n t r i f u g e d .  S t a i n e d  d e p o s i t  i s  m o s t ly  ly m p h o c y te s .  
C y to lo g y  of f l u i d  i n d i c a t e s  t u b e r c u l o u s  p l e u r i s y .
W e s te rg re n .  C a p i l l a r y  t u b a . 
E .S .R .  1 h r .  9 6 * 42*5.
1 9 : 7 : 4 2 . /
!«!>•
Case. 2 9 . (con t in u ed ) .
1 9 : 7 : 42.
W e s te r g r e n . C a p i l l a r y  t u be 
E .S .R .  1 h r .  96 . 4 2 .
l o : S : 4 2 .
G e n e r a l  c o n d i t i o n  n o t  so g o o d .  Has d e v e lo p e d
a  f i s t u l a  i n  ano .
.W este rg ren .  C a p i l l a r y  t u b e .  
E .S .R .  1 h r .  105 . 42*5 •
1 5 : 1 0 : 4 2 .
G e n e r a l  c o n d i t i o n  im p ro v in g .  F l u i d  a b s o rb in g
w e l l .
W e s te rg re n .  C a p i l l a r y  t u b e .  
E .S .R .  1 h r .  8 6 . 4 1 .
1 5 : 1 1 : 4 2 .
F l u i d  s t i l l  a b s o rb in g  w e l l . G e n e ra l  c o n d i t i o n  
much b e t t e r .  S en t away f o r  th e  w i n t e r .
E .S .R .  1 b r .
W e s te rg re n .  76*
M ic ro -b o re .  200 mm. 6 9 .
M icro-bore .  100 mm. 4 6 .
F i b r i n o g e n /
Case 2 9 . (Continued).
Fibrinogen.
C o lo r im e te r  r e a d i n g s .










1 5 ^ 7
A verage  l6*5«
F i b r i n o g e n .  C o r r e c t e d .  = 0 *4956
1 : 8 : 4 3 .
Hb. 80$
P lasm a  p /H .  7*6*
E.S.R. 1 hr.
W e s te rg re n .  22*5.
V e r i d i a .  100 mm. 26.
V e r i d i a .  200 mm. 4 0 .
In  t h e  V e r i d i a  200 mm. column t h e r e  was a  good d e a l  o f  
h a a e .  C i t r a t e d  b lo o d  shews o n ly  d i s c r e t e  and  a l s o  
r o u le a u x  f o r m a t io n .  These a r e  n o t  l a r g e  — two or t h r e e
t o  sev en  c e l l s  in  each  r o u le a u x .  Groups o f  ab o u t  2 c e l l s
c lu m p in g  w i th  one or two s i m i l a r  g r o u p s .
F ib r in o g e n /
w .
Case* 29 ( c ontinued)
Fibrinogen.
Colorim eter read in g s .
2 1 .
2 0 *8 .
21.
21*4.






T s f .w :
Average. 21.
F ib rinogen . C orrected , s  0-37$.
Case. 10.
1 1 : 7 : 4 2  .
M , h . 58v Yrs. Weaver.
Only complaint i s  of fe e lin g  very t i r e d ,  nothing 
o rg a n ic a lly  wrong i s  to  be d iscovered !
Hb. 70$
Plasma p/H between 7*6 s*1** 7*®
B lood  group 0 .
W estergren. C a p illa ry  tu b e . 
E.S.H . 1 Hr. 35. 19*
3 : 9 : 4 2 . /
188.
Case. 30. (oontinued) 




M ,kt . Age 48 years. Weaver.
cComplaining of fee lin g  t ired  and of stomach
a o i d i t y  and ab dom ina l t i g h t n e s s .  N o th in g  o r g a n i c a l l y  










E.S.R. 1 hr 12 12
E.S.R 3-5
Average 26*3*
F ib r in o g e n .  C o r r e c t e d .  ▼ 0*31$.
189.
Case. 32.
7 :9 :4 2  .
P  B—— , Age. 20 Y rs .  Farm W o r k e r .
L a rg e  a b s c e s s  o f  f o r e - a r m ,  O th e rw ise  a  v e r y  
h e a l t h y  sp e c im e n .
W e s te rg re n .  C a p i l l a r y  t u b e . 
E .S .R .  1 h r .  7 . 6 * 5 .
C a s e .  3 3 .
A .R . Age. 25 Y rs .  C l e r k e s s .
1 6 : 9 : 4 2 .
Com p l a i n i n g  of o c c a s i o n a l  p a i n  and  d i s c o m f o r t  
i n  lo w er  abdomen. Some t e n d e r n e s s  o ver  ap p e n d ix  a r e a .  
T e n t a t i v e  d i a g n o s i s  o f  c h r o n ic  a p p e n d ix .  O th e rw ise  
n o rm a l .
W e s te rg re n .  C a p i l l a r y  t u b e . 
E .S .R .  1 h r .  6 #5* 5*5 .
N o te . Exam ined some months l a t e r  by G y n a e c o lo g is t  who 
d ia g n o s e d  r e t r o v e r s i o n  of u t e r u s .
1 8 :9 :4 2 .
L .H . Age. 34 . Y rs .  W eaver.
C o m pla in ing  of i n t e n s e  l a s s i t u d e  and i n a b i l i t y
f o r  w ork . N o th ing  o r g a n i c a l l y  wrong d i s c o v e r e d  e i t h e r
h e r e  o r  i n  t h e  I n f i r m a r y .
Hb. 7 0 $ .
W e s te rg re n .  Ca p i l l a r y  t u b e .
E .S .R .  1 h r .  11 . 9 .
F ib r in o g e n .
C o lo r im e te r  r e a d i n g s .
1 4 -4 .
1 4 -5 .
14*5.




1 4 -4 .
15-
1 4 -2 .
144 * 6 •
A v erag e .  14*4.
F i b r i n o g e n .  C o r r e c t e d .  ¥ 0 *56#
191.
19:9:12.
D— - , F ------- . Age. 39 Y r s * F a c t o r y  W orker.
Rheum atic  a r t h r i t i s  of j o i n t s  of  b o th  h a n d s .  
O th e rw is e  n o th in g  abnorm al
W e s te r g r e n . C a p i l l a r y  t u b e . 
E .S .R .  1 h r .  7 . 8 .
F i b r i n o g e n .
C o lo r im e te r  r e a d i n g s .
15-5.
15*8.




1 6 *5 ,
16-8 .
1 6 3 ,3 .
A v erag e . 1 6 - 3 .
F i b r i n o g e n .  C o r r e c t e d .  = 0*5$
C a s e .  36 .
2 2 :1 0 ;4 2 .
L . B t  . Age. 39 W eaver.
F or s e v e r a l  y e a r s  h a s  h ad  r e g u l a r  s p e l l s  of 
an a e m ia ,  each  l a s t i n g  f o r  ao out two m onths. Somewhat 
r e s i s t a n t  t o  i r o n j  i r r e s p o n s i v e  t o  l i v e r  t h e r a p y .
¥ s 3t s r , . r e n . C a p i l l a r y  t u b e . 
1 h r . 24" h r s . 1 h r .  24 H rs ,  
E .S .R .  2 .  90 . 8 . 4 0 .
192 .
Case.  3 7 .
4 :1 1 :4 2  .
M rs. T' . Age. 3 2 . Y rs .
Anaemia, i n t e r - c o s t a l  m y a lg ia  ( ? )  and  s u b a c u te  
s y n o v i t i s  o f  k n ee  j o i n t .
W e s te rg re n .  C a p i l l a r y  t u b e . 
E .S .R .  4 .  4 .
C a s e .  3 8 .
12511842 .
M rs. K . Age. 42.- Y rs .
Menopause, t ro u b le s o m e  on a c c o u n t  o f  
e x c e s s i v e  h e m o rrh a g e .  L a t t e r l y  had  t o  h ave  ra d iu m  
t r e a t m e n t .  R e c e n t ly  much b e t t e r .
E .S .R .  1 h r ,
W e s te rg re n .  3*
M ic ro -b o re .  200 mm. 3*
M ic ro -b o re .  100 mm. 3*
C a s e .  5 9 .
j  , s  . Age. 32 Y rs ,  C le r k .
5 : 1 2 : 4 2 .
Seen f i r s t  two y e a r s  ago . W eakness, sw e a t in g  
and  tem p . (1 0 0 « 5 ) .  Cough and f a i r l y  p r o f u s e  h a e m o p ty s is .  
I  g o t  T .3 .  i n  h i s  sputum .
E .S .R .  1 h r .  W e s te rg re n .  6 0 .
Went/
193.
Case. 39. (co n t inued) .
Went in to  Sanatorium for about eighteen months.
I s  now very much inproved.
E.S.R. 1 h r .
Westergren. 1*25.














A v e ra g e .  26*3*
Fibrinogen. Corrected. = 0*
28:4:41 .
Plasma p/H. 7*' *^
E .S .R .  1 t o .
W e s te rg re n  1 .
M ic r o - b o re .  200 mm. 0*75-
M ic r o - b o re .  100 mm. 0*75*
F i b r i n o g e n . /

























Micro-bore. 100 mm. 







Constant volume. 34$Corrected. 42*5$
Citrated blood shews rouleaux formation and free cells, 
ihe rouleaux are comparatively small.
Fibrinogen/
Case. 39* (continued )
Fibrinogen. 
Colorimeter readings.










Fibrinogen. Corrected . » 0*27$,
C a s e .  4 0 .
22*1*41
A . C . Age 43 Y rs .  F.
S w e l l in g  o f  g la n d s  on b o th  s i d e s  o f  n e c k .
Been r u n n in g  a  tem p. (100° -  102°) f o r  t h e  p a s t  four 
w eek s .  E v i d e n t l y  T .B . D e f i n i t e l y  m ilk  i n f e c t i o n .  
O p e ra te d  on u l t i m a t e l y .
E .S .R .  1 H r. 24 Hrs
W e s te rg re n .  27*- 121*5
M ic ro -b o re  100 mm. 2 7 . 56*5
19*.
0 3,33 « 4 1 .
20:4:43.
Mrs M . Age. 29 Y rs .
P e r s i s t e n t  cough of some months d u r a t i o n ,  and 
f e e l i n g  of l a s s i t u d e .  Bad T.B. f a m i ly  h i s t o r y .  
E x a m in a tio n -  o f  c h e s t  n e g a t i v e .
Hb. 80%
E .S .R .  1 h r .
W e s te rg ren  5*




2 7 -8 .
2 7 *1 ..
27.4.
27*4.
2 7 *6 .
2 7 - 6 .





Fibrinogen. Corrected. 3 0-28$
197,
Case. 42.
J . M . Age. 58 Yrs. M.
Complaining of persisten t pain s l ig h t ly  above 
right lo in .  Has got much thinner during the la s t  s ix  
months. Some resistance in epigastrium. X ray report * 
suspicion of appendix. Otherwise nothing much to be 
made out.
E.S.R. 1 h r .
Westergren. 9*
Micro-bore. 100 mm. 4*5.
Plasma i s  pretty yellow in colour though there 















Fibrinogen. Corrected. * 0*37$
—ote-*- operation three days la ter  disclosed  malignant
growth in l iv e r .
Complaining of persistent pain over right
shoulder and in right arm. Evidently some n eu r it is  in  
the brachial plexus. No discoverable focus of 
in fe c t io n .
Hb. 80$.
Plasma p/H. 7*4*











F ib r in o g e n .  Corrected. s 0*26%
199
C a s a . 4 4 .
, W------. W------ . Age. 31 Yrs. Mechanic.
30:4-; 4 3 .
Complaining of headache, abdominal swelling and 
discomfort. Vomiting immediately after meals. Bulimia. 
Nothing organically  wrong to be made out.
E.S.R. 1 hr.
Westergren, 1 *2 5 .
Micro-bore. 200 mm. 1.
Micro-bore. 100 mm. 1«25«
Y/introbe tube 1 *2 5 .













Fibrinogen. Corrected. = 0*31$
200
Mrs. L . Age, 50* Y rs .  H ousew ife
C o n v a ls c e n t  a f t e r  p l e u r o p n e u m o n ia .
Hb. 80fo
E .S .R . 1 h r
W e s te rg re n .  
M ic ro -b o re .  200 mm.
6 .
3 * 7 5
M ic ro -b o re .  100 mm. 4
W in trobe  tu b e 4
C o n s ta n t  volum e. (W in tro b e)  32 $ •  C o r r e c t e d .  40fa.
C a se .  4 6 .
9 : 5 : 4 5 .
W . S— .— . Age. 65 Y rs .  B la c k s m i th .
Been u n d er  t r e a tm e n t  d u r in g  t h e  p a s t  f o u r  y3a r s  
f o r  p e r n i c i o u s  anaem ia . Kept go ing  on m a in te n a n c e  d o se s  
o f  H eo -H ep a tex .  For a  l i t t l e  t im e  p a s t  t h i s  h a s  n o t  
b e e n  v e r y  s a t i s f a c t o r y .  (See H o ts ) .
Hb,. 64$
R .B .C . 2*8. M i l l .
C .I. 1*1.
P lasm a p /H . betw een  7*6 and 7*8.
E . S .R . /
201.
Ca3e. 46. (continued)
E.S.R. 1 hr. 24 hrs.
Westergren 
Micro-bore 100 mm. 
Wintrobe tube 14
1 9 . 110 .
18. 6 0 .









F i b r i n o g e n .  C o r r e c t e d .  « 0*4 5$.^
A rem ark  by P r o f e s s o r  A. P a t r i c k  t h a t  he had  been  
S t i s s a t i s f i e d  w ith  n eo -H ep a tex ,  l e d  me t o  t r y  Aaakaemin 
i n  t h i s  c a s e .  E ig h t  days  a f t e r  th e  a d m i n i s t r a t i o n  o f  
4 c c . ,  s l i d e s  ( p r e p a r e d  w i th  B r i l l i a n t  c r e s y l  b l u e  and 
s t a i n e d  l a t e r  w ith  Leishman) shewed a  v e ry  marked 




h o t e .
w a s /
202.
Case.  46.  (continued)
was b e in g  e x tru d ed  from  th e  c o r p u s c l e s  was 
s t r i k i n g .
P r o f e s s o r  D .F .C a p p e l l  who saw one of my s l i d e s  
r e m a rk s :  -
"When t h e  s u b s ta n c e  i s  p r e c i p i t a t e d  by 
" th e  dye t h e r e  i s  no  doub t t h a t  i t  can  ‘be e x t r u d e d  
"from  th e  c e l l .  I  have o f te n  w atched  t h i s  happen 
"u n d e r  th e  d a rk  g round  i l l u m i n a t i o n ,  b u t  i t  h a s  
" f i r s t  t o  be p r e c i p i t a t e d " .
C ase  4 7 .
Mrs. S . Age. 38 Y rs .  H o usew ife .
Anaemia, which seemed t o  be s im p le  i n  t y p e .  I r o n  
r e s i s t a n t  f o r  ab o u t a  y e a r .  L a t t e r l y ,  r e s p o n e d  t o  "L ex tro n "  
( L iv e r - s to m a c h  c o n c e n t r a t e  w ith  f e r r o u s  i r o n  and V itam in  B. 
com D lex .)
Hb. 80f  
R.B.C. 3*35 m ill .
Plasma p/H  betw een 7*6 7#s«
Blood  g ro u p .  B.
Typed a t  f i r s t  v i s i t  a s  g roup  A. ( w i th  whole 
b l o o d ) .  One p a r t  of r e d  c o r p u s c l e s  t o  t h r e e  of g roup  B. 
p la s m a /
Cass.  4 7 . (co n t in u ed ) .
plasma put up in a Westergren tube gave a 1 hr. f a l l  of 5*
This was suspicious. Typed at next v i s i t  with d iluted
blood ( 1  in 20) gave group B.
E.S.R. 1 hr. 24 hr s .
Westergren. 8 5 .
Micro-bore. 100 mm. 6. 4 3 .
Wintrobe tubee 5*















Fibrinogen. Corrected. * 0*3$.
205.
Case. 4 8 .
15:5j 43.
D , C - .  Age. 34 Yrs. Factory Worker.
P ersistent large b o ils  on forearms. Otherwise
f o r m a l .
Hb. 90%.
R.B.C. 4-5 m ill .
Plasma p/H. 7 
Group 0.
E.S.R. 1 h r . 24 h r s .
Westergren. 5* IS*
M ic ro -b o re .  100 mm. 5« 46*5*
Wintrobe tube 5*
Constant volume. (Wintrobe). 31*5» Corrected. 397®•














F i b r i n o g e n .  O o r r e o te d .  * 0-35$.
20*.
Case.  49.
1 8 :5 :4 3 .
M - , B ------- . Age. 50 Y rs .  H o u se k e e p e r .
C o m p la in in g  o f  w eakness  and  a t t a c k s  o f  s e v e re  
H eadache w i th  v o m i t in g .  Anaemic, oedema of l e g s ,  
h y p e r p i e s i s  and  f a i r l y  heav y  a lb u m in u r ia .  B .P .  S y s t o l i c  
230.
Hb 65$
R .B .C . 3 .2  m i l l .
P lasm a  p/H  betw een 7*6 and 7*2*
Gr o u p . A.
C e l l s  i n  c i t r a t e d  b lo o d  a r e  a l l  d i s c r e t e .  
E .S .R .  1 h r . 24 h rs .
W e ste rg re n  13* 130.
M ic ro -b o re .  100 mm. 14. 6 6 .
W introbe t u b e .  12*5.
One -oart c e l l s  t o  t h r e e  p a r t s
116 . I 3 5 .
B. p la sm a  in  W e s te rg ren  tu b e  
C o n s ta n t  volum e. (W in tro b e ) .  20$ C o r r e c t e d .  25$
F ib r in o g e n .
Colorimeter readings.




2 2 - 2 .








Case. 4 9 . (cont inued.
F ib r in o g e n .  C o r r e c t e d .  = 0*37$
l i r a n i .
P la sm a  p /H .  7*4 .
E .S .R .  1 h r .
W e s te rg re n  1 2 .
V e r i d i a .  100 mm. 15 .
M ic ro -b o re .  100 mm. 12*5.
W introbe  tu b e  12 .
C o n s ta n t  volum e. (W in tro b e ) .  20$. C o r r e c t e d .  25$
F i b r i n o g e n .
C o lo r im e te r  r e a d i n g s .
23*5.
2 3 .J .
• 2 3*0 .
23-5. 
23-7.
2 4 -2 .
23*8.
24*3.
2 4 .2 .
2 4 -4 .
238*9.
Average. 23*9.
F ib r in o g e n .  C o r r e c t e d .  s  0*33$*
208.
C a s e . 5 0 .
a  .B . Age. 52 Yrs. Housewife.
Complaining of weakness and in a b i l i ty  to do her
work. Wo other symptoms and nothing organically wrong to  
be discovered.
Bb. 78$. 
R.B.C. 3*8 m ill .  
Plasma p/H. 7*4 * 
Group A.
Constant volume. (Wintrobe). 29$. Corrected. 36$.
Fibrinogen'.





2 4 -7 .




















E .f&------ .  Age. 32 . Y rs .  itfurse. .
C om pla in ing  of f e e l i n g  t i r e d .  Has l o s t  o v e r  a
s to n e  i n  w e ig h t  d u r in g  th e  p a s t  y e a r  and h a s  been  X r a y e d  
t h r e e  t im e s  w i th  n e g a t i v e  r e s u l t s .  Some t a c h y c a r d i a .  
O th e rw is e  n o th in g  o r g a n i c a l l y  wrong t o  be d i s c o v e r e d .
Hb. 90$ .
R .B .C . 4 -3  m i l l .
P la sm a  p/H 
Gr oup 0 .
Group was ty p e d  a t  f i r s t  a s  A. S u b s e q u e n t ly  
c o r r e c t e d .  P a t i e n t ' s  c e l l s  and Group 0 .  p la sm a  i n  
c a p i l l a r y  t u b e s  shewed n i l  d ro p .
E .S .R .  3. h r . 24 . h r  s .
W introbe tu b e
W e s te rg re n .  
M ic ro -b o re .  100 mm.
3. 6 0 .
3, 35.
3.
C o n s ta n t  volum e. ( W in tro b e ) . 3 2 $ . C o r r e c t e d .  40$
F ib r in o g e n /
210.















Fibrinogen. Corrected. = 0*28$.
Case. 52 .
1 6 : 6 : 4 3 . . 'Mra. F . Age. 47 Yr s . Housewife.
A rthritis of right hip jo in t . Otherwise 
nothing abnormal. After X ray examination about two 
years ago, had a course of Myooriein which improved 
the condition . Is  now startin g  another course.
Hb. SOfo.
R.B.C. 4*8 m ill.
Plasma p/H J*6.
Group A.
E .S .R ./
211,
Case.  52. (continued)
E .S .f t ,  1 h r .
W es te rg ren  1 7 ,
M icro -b o re .  100 mm, 1 7 .
P fin trobe tuiae 17 .
C o n s ta n t  volum e. (W in tro b e ) .  31$* C o r r e c t e d ,  39# .
F ib r in o g e n ,





2 3 . 8 .
2 4 .4 .
24*4.
24 • 3 •
23. 8 .
23*8 .
A v e ra g e .  2 4 :2 .
F i b r in o g e n .  C o r r e c t e d .  * 0 * 33/^ *
C a s e .  5 3 .
1 3 : 7 : 4 3 .
j  ,L —— . Age. 48 I r s .  Weaver.
C om pla in ing  o f  f e e l i n g  t i r e d .  A r t h r i t i s  o f  
f i n g e r  j o i n t s  of  b o th  h a n d s .  Sw ollen  and p a i n f u l .  
E v i d e n t l y  rh e u m a to id .  O th e rw ise  n o th in g  abnorm al t o  be  
made o u t ,
Hb. 82$ .
C i t r a t e d /
212,
Case. 5 3 * (con tinued .
C i t r a t e d  b lo o d  shews r o u le a u x  f o r m a t io n ,  b u t  t h e  
c e l l s  a r e  m o s t ly  d i s c r e t e ,
E .S .R .  1 h r .
Westergren. 15.
Micro-bore. 100 mm. 15.
Fibrinogen.
Colorimeter readings.




2 6 *8 .
2 6 *6 .
2 6 *2 ,
27*1 .
27- 
2 1 * _
2 6 9 . 2 .
A v e ra g e .  2 6 * 9 .
F ib r in o g e n .  C o r r e c t e d .  = 0*3$*
17.fi *4^
P lasm a  p/H 7*4- 
C i t r a t e d  b lo o d  shews r o u le a u x  fo rm a t io n  w i th
occasional free c e l l .
E .S .R .  2 -S E .  2 4 h r s .
W e s te rg re n .  7*5*  77*
M ic ro -b o re .  100 mm. 7 * 5 .  * 9 .
V erid ia . 100 mm. 7*5. 41.
1 8 :1 2 :4 3 /
C ase. 5 3 * (con tin u ed ).
1 8 :1 2 :4 3 .
P la sm a  p /H .  7 
C i t r a t e d  b lo o d  shews h a l f  s h o r t  r o u le a u x  
h a l f  d i s c r e t e  c e l l s .
E .S .R .  1 h r .
W e s te rg re n .
Micro-bore. 100 mm. 6 . '
Veridia. 100 mm. 6*5*
Wintrobe. 5*
C o n s ta n t  volum e. (Wintrobe). 32*5$. Correoted.
F i b r i n o g e n .




2 9 - 7 -
2 9 -8 .
30*4.





A verage . 3 0 .
Fibrinogen. Corrected. * 0*27$.
Mrs. S . Age. 52 Y rs .  H o u se w ife .
S u b a c u te  rh e u m a tism , F i n g e r s ,  w r i s t s ,  e lb o w s ,  
k n e e s  and  a n k l e s  a f f e c t e d .  H e a r t  u n to u c h e d .  Temp. 1 0 1 •5 ° •  
C i t r a t e d  b lo o d  shews r o u le a u x  f o r m a t i o n .  
R o u le a u x  f o r m a t io n  i s  n o t  so l a r g e  a s  i n  n o rm a l  r o u l e a u x .  
V ery  few d i s c r e t e  c e l l s .
I n  a b o u t  f i f t e e n  or tw e n ty  m in u te s  t h e  u p p e r  
p a r t  of t h e  t u b e s  shew m ac ro -c lu m p in g ,  v e ry  o b v io u s  w i th
shew more f r e e  c e l l s  and com pacted  r o u le a u x .
1 1 : 6 : 4 3 .
P lasm a  p /H .  be tw een  7*6 and 7 #8*
R o u leaux  f o r m a t io n .  Many o f  t h e  ro u lea u x  a r e
s h o r t .  Many f r e e  c e l l s .
E .S .R .  l b * .
W estergren. 46.
1 h r
V e r i d i a .  100 mm
W e s te rg re n .  
M ic r o - b o re .  100 mm
a  h a n d  l e n s .  C e l l s  exam ined a f t e r  one h o u r 1 a s e d im e n ta t i o n
M ic r o - b o re .  100 mm
V e r i d i a .  100 mm 40
u ib r in o g e n /
215
C ase, 54. (con tin u ed ).
Fibrinogen.
Colorimeter readings
2 0 *2 .
2 0 . 







2 0 * 4 .
201*4.
• A v e rag e . 2 0 .1 .
F ib r in o g e n .  C o r r e o te d .  = 0*41$,
Hb. 72$
P lasm a  p/H  betw een  7*6 aaA 7*®*
C i t r a t e d  b lo o d  shews a  few d i s c r e t e  c e l l s .  
R o u le a u x  p r e s e n t  -  n o t  l a r g e ,  and fo rm in g  c lum ps h e r e  and 
t h e r e .
E .S .R .  1 H r .
W es te rg ren  30*
M ic ro -b o re .  100 mm, 3 2 *
V e r i d i a .  100 mm. 31*
W introbe t u b e .  2 4 .
C o n s ta n t  volum e. (W in tro b e ) .  C o r r e c t e d .  35$ .
A f t e r /
21b.
0 a s e . 5 4 . . (continued)
After about twenty minutes, c lum ping  i s  w e l l
seen in  the  upper layers  of the V eridia tu b e  w i th  an X




22 . 8 . 
22 . 2 .
22*5 .
22*5*
22 . 7 .
22.5.
22 * 8 *
23*
Fibrinogen. Qorrected. = 0*36$.
Case. 55.
r . M— *•. Age. 33 Yrs- Plumber.
Complaining of much la s s i tu d e  a t  h is  work and
cough of sev e ra l  months dura tion . Sputum a t  times i s  
blood s treak ed . Has been losing a b i t  of weight. In 
November l a s t  was marked Grade 3» by Medical Board.
E xam in a tio n  of c h e s t  does  n o t  d i s c l o s e  any
s p e c ia l  s ig n s .
Hb. 95$
C itra te d /
Average. 22»5.
P lasm a p/H
217.
C ase. 55. (continued)
C i t r a t e d  blood shews rouleaux present -  not 
l a r g e  and  some of them loosely put together. Many free 
c e l l s ,
E.S.R. 1 hr.
Westergren 3 .
Micro-bore. 100 mm. 2*5.
Veridia. 100 mm. 3 . 2 5 .
Fibrinogen.
Colorimeter readings.








3 1 . 2 .
11-4.
Average. 31* 3 •
Fibrinogen. Corrected. = 0*25jjt#
C ase ♦ 56. .
lixs. P . Age. 61 Yrs. Housewife.
5:9:43 .
Intra-capsulax fracture of right thigh about 
five months a^ ;o. Treated by Smith-Peter sen pin. For 




h i p  and i n  t h e  g r o i n .  X r a y  ta k e n  t h r e e  weeks ago  shews 
a  l i t t l e  bone  a b s o r p t io n  a t  s e a t  of f r a c t u r e  and f a i r l y  
e x t e n s i v e  a r t h r i t i c  chan g es  in  th e  h ip  j o i n t .  O th e rw ise  
g e n e r a l  c o n d i t i o n  i s  f a i r l y  good.
Hb. 7 2fo 
R .B .C . 4*2. m i l l .
P la sm a  p/H 7*6*
H .S .R .  1 h r .
W e s te rg re n .  108.
M ic ro -b o re .  100 mm. 51*5*
V e r i d i a .  100 mm. 52.
W introbe tu b e .  39*
C o n s ta n t  volum e. (W in tro b e ) .  C o r r e c t e d .  35f°* 
C i t r a t e d  b lo o d  shews v e ry  few d i s c r e t e  c e l l s .  
T h e re  i s  r o u le a u x  f o rm a t io n ;  t h e  r o u le a u x  fo rm ing  l a r g e  
c lum  p s ,  n o t  u n l i k e  t r u e  a g g l u t i n a t i o n ,  b u t  t h e r e  i s  no t
c o n d e n s a t io n  of haem oglob in  though th e  c e l l  o u t l i n e  i n  
t h e  c e n t r e  o f  some clumps i s  i n d i s t i n c t .
In  abou t tw en ty  m in u te s ,  fo rm a t io n  of l a r g e  
c lu m p s  v i s i b l e  t o  th e  n ak ed  eye and w e l l  shewn by an X 
8 .  l e n s ,  w ere a p p e a r in g  i n  th e  u p p er  l a y e r  ox th e
W e s te rg re n  t u b e .
In  th e  V e r i d i a  tu b e  th e  X S. l e n s  shewed v e ry
marked/
Case 56. (Continued )
marked clumping th ro u g h o u t  th e  column o f  s e d im e n t in g  
corpu scles.
F ib r i n o g e n .
C o lo r im e te r  r e a d i n g s .
1 1 - 5 .
1 1 - 7 .
11*5«'
1 1 .5 ;
* 1 1 . 7 .
11-.4.
11*5.
l l « 6 .
11*5.
1 1 .4 .
I l f .  47
A verage. 11*5*
Fibrinogen. Corrected. * 0*71$
QL£; f j L
Hb.. 72$
R.B.C. 3*45 m ill.
W.B.O. 10600.
E .S .R .  ' U B S ji
Westergren. ' 9 8 .
Mioro-bore. 100 mm. 57*
Veridia. 100 mm. 57*
Wintrobe tube 39*
C o n s ta n t  volume. (Wintrobe.) 26>5ccOfltOffoted 33'
C itr a te d /
220.
C a s s .  56 . ( c o n t  in u e d )
C i t r a t e d  b lo o d  shews few d i s c r e t e  c e l l s .  
R o u le a u x  f o r m a t io n .  R ouleaux a r e  g a t h e r e d  c h i e f l y  i n  
l a r g e  c lu m p s .  In  some o f  t h e s e  i t  i s  d i f f i c u l t  t o  
d e f i n e  t h e  c e l l  o u t l i n e s .  There  i s  an a p p e a ra n c e  o f  r e a l  
a g g l u t i n a t i o n  b u t  no c o n c e n t r a t i o n  of h aem o g lo b in .
P a t i e n t  moving abou t q u i e t l y  and t o  a l l  a p p e a r ­
a n c e  i s  i n  f a i r l y  good h e a l t h .
Hb. about 7 
P lasm a p /H . 7*6* .
E .S .R .  iigjt
W este rg ren  114.
M ic ro -b o re .  100 mm. 6 l .
V e r i d i a .  100 mm. 6 l .
W introbe tu b e .  6 3 *
C o n s ta n t  volum e. (W in tro b e ) ,  27% . C o r r e c t e d .  33*60 . 
The c i t r a t e d  b lo o d  shews f r e e  c e l l s  and r o u le a u x .  
T h e re  a r e  p r e s e n t  a l s o ,c lu m p s  o f  r o u le a u x .
Fibrinogen/
Case


















P lasm a p /H .  7*4.
E .S .R .  1 h r .
W este rg ren  83.*
M ic ro -b o re .  100 mm. 4 0 . '
Y e r i d i a .  100 mm. 44*5 .
W introbe tu b e  4 5 .
C o n s ta n t  v o lu m e .fW in tro b e ) .  C o r r e c t e d .  38*5#
Fibrinogen/
C a s e . 56 ( c o n tim ied ) .
F ib r in o g e n .  ;









12 . 2 .
12.
I S O .? .
A v erag e .  12.
F ib r in o g e n .  C o r r e c te d .  = 0*
3 1 : 1 : 4 4 .
Hb. 72$.
W.B.C. 12600.
E .S .R .  1 h r ,
W e s te rg re n .  7 2 .
M ic ro -b o re .  100 mm. 35*5*
C o n s ta n t  volume. ( W in t r o b e ) . 32$ C o r r e c t e d .  40$ . 
C i t r a t e d  b lo o d  shews p r a c t i c a l l y  co m p le te  
r o u l e a u x  fo rm a t io n  — a  veric few s c a t t e r e d  d i s c r e t e  
c e l l s .
The s l i d e  examined by t r a n s m i t t e d  l i g h t  and
w i t h /
223.
C ase. 56. ( continued)
w i t h  an X 8 . hand l e n s  shews th e  clum ps w e l l  -  a p p e a ra n c e  
o f  p s e u d o - a g g l u t i n a t i o n ,  b u t  th e  c e l l  o u t l i n e s  a r e  c l e a r  
and t h e r e  i s  no  a p p e a ra n c e  of c o n d e n s a t io n  o f  h a e m o g lo b in .
C a s e .  57 .
Mrs. B . Age. 32 . Y rs .
S ix  months p r e g n a n t .  C om pla in ing  o f  p r u r i t i s  
o f  v u l v a .  E x am in a tio n  of u r i n e  shews some g l y o o s u r i a .
2 p a r a .  ‘
E .S .R .  1 h r . 24 h r s .
W es te rg ren  24 . 1 3 0 .
M ic ro -b o re .  100 mm. 3 2 . 6 7 .
V e r i d i a .  100 mm. 26 . 6 7 .
C o n s ta n t  volume. (W in tro b e ) .  C o rrec  t e d  27*5$.
C i t r a t e d  b lo o d  shews ro u le a u x  f o rm a t io n  and
a  good  few  d i s c r e t e  c e l l s ,  jmo r o u le a u x  c lum ps.
F ib r in o g e n .




2 1 -4 .
21*2 .
. 21 * 2 .  '
2 1 .3 .
21*5.
21-5.
2 1 -3 .
211-97
A verage 2 1 -2 .
F i b r in o g e n .  C o r r e c te d .  -  0-37#-
224.
C a s e . 58.
A . H . Age. 1 4 . Y rs .
Rheum atic  F e v e r .
E .S .R .  1 -j1T%
W este rg ren  9 1 .
H e l l i g e  M ic ro - tu b e  5 6 .
C a s e .  59 *
M rs.L  .
S u b -a c u te  Rheumatism a n d . 'M it r a l  S t e n o s i s .  
E .S .R .  1 h r .
W es te rg ren  78 .
B oth  th e  above c a s e s  a r e  i n  Dundee R oyal 
I n f i r m a r y  u n d e r  th e  c a r e  of P r o f e s s o r  P a t r i c k  by whose 
c o u r t e s y  c i t r a t e d  b lo o d  from  them was s e n t  t o  me f o r  
e x p e r i m e n t a l  p u rp o s e s .
C a s e .  6 0 .
W . F  . Age. 4 6 .  S hop k eep er .
1 6 :1 2 :4 5 .
C om pla in ing  o f  m uscu la r  rheum atism  o f  back  and 
s h o u l d e r s .  X r a y  e x a m in a tio n  shews some a r t h r i t i s  o f  
s p i n e .  Some h y p e r a c i d i t y .  O therw ise  n o rm a l.
t
E .S .K . /
225.
Case. 6 0 . {c ontinued)
E.S.R.  1 h r , 24 s .
W este rg ren 2 . 5 . 63
M ic r o - b o r e . 100 mm. 2 . 40
V e r i d i a .  100 mm. 1*5. 38
W introbe 2 .
C i t r a t e d  b lo o d  shews m o s t ly  r o u le a u x  f o r m a t i o n .
T h e re  a r e  a  few d i s c r e t e  c e l l s .
P lasm a  p /H .  betw een  7 ’ ^* 7***•
C o n s ta n t  volum e. 37^* C o r r e c t e d .  4 6 #  •
\ F ib r in o g e n .
C o lo r im e te r  r e a d i n g s .
24*6.
2 5 -4 .
2 5 -2 .









F ib r in o g e n .  C o r r e c t e d .  •  0*32#-




j  , d . Age. 43 Y rs .  P loughm an.
D eve loped  a c u t e  rh e u m a tism  t h r e e  weeks ag o .  
in v o lv e m e n t  ab o u t fo u r  days  l a t e r .
Hb. 86%.
P lasm a  p /H . 7*4.
C i t r a t e d  b lo o d ,  l a r g e l y  d i s c r e t e  c e l l s  w i th  some 
r o u l e a u x .
E .S .R .  1 h r .
V e r i d i a .  100 mm.
W e s te rg ren  
M ic ro -b o re .  100 mm
23 .
18 .
8 - 5 .
W in trobe  t u b e . 17
C o n s ta n t  volume, 33$ C o r r e c t e d .  41$
F i b r i n o g e n .





A verage . 18*1.
F ib r in o g e n .  C o r r e c t e d .  0*45$.
The cases mentioned here axe not meant to  be f u l l  oase 
h is to r ie s .
They may be of in terest in  shewing the various conditions  
in  which abnormal rates may be found.
But rather, they are to be regarded as the quarry from 
which have been extracted the m aterials for th is  inquiry.
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T h is  was designed and made by myself for consulting room 
use about 25  years ago*
i t  was made to  replace a large square water jacketed one 
made lo c a lly  to  my design in  1 9 0 6 .
The small one i t  w i l l  be noticed  ran on gas -  using & 
Reichert mercury thermostat -  but since the photograph waa 
taken a few years ago 1 have changed i t  to  e le c tr ic ity  by 
f i t t in g  a ring heater to  the bottom and using an e le c tr ic  
thermostat •
The diagrams -  elevation  and plan -  w il l  explain the 
construction of it*
The chamber can hold one or two culture tubes* i t  can have 
a certain  amount of water put in i t  i f  desirable -  in  some 
of my experiments i t  has been used*
A thermometer can be  fix ed  in  the covering of the 
chamber i f  neoessary.
232
I n c u b a t o r .
A. Opening f o r  T h e rm o s ta t .
y
B. Opening f o r  Thermometer.
C. Chamber.
D. Opening f o r  c e n t r i f u g e  t u b e .
E . Openings f o r  Opsonic in d ex  p i p e t t e s .
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The centrifu ge used in  th is  investigation* i s  shewn in  the 
photographs.
With the exception of the large bucket head i t  was designed 
and made by myself tw enty-five years ago*
the small bucket head was made by myself to take Wintrobe 
tubes and to  g et the necessary speed by cutting down air  
r e s is ta n c e , i t  brings down to  constant volume in 35 to  40 
minutes.
This centrifuge has never given any trouble, 
i t  embodies a few ideas Which have conduced to very 
good e ff ic ie n c y .
i  am adding as a matter of in terest a page of a magaslne 
whioh shows one made lo c a lly  and in use some years before.
i  see from a note of mine in  the B.M.J. on Opsonic index 
technique -  A pril 13th. 1907, that i t  had been in  use as far 





CuftVCO V A N !  ( I f ' )  
Po« 4 H I  DO /MS 
W A T fR .
'y--a
. A  W a t e r - d r i v e n  C e n t r i f u g e .
of a bicycle hub. The hubjtself is a good fit in a 
hole in the cross member, where it is secured by a 
setscrew. T he.low er end of the spindle passes 
through a hole in the top of the casing and has
* i
The Model Engineer and Electrician. January 3, 191S.
attached to it the water wheel. The water wheel 
consists of a stout circular plate, on the under surface 
of which are fastened perpendicularly th** flat, 
straight, radial vanes.
On the inside of the lower half of the casing are 
fixed four sloping curved vanes to Btop swirl and 
give a quick lead off to the water.
The two side arms seen in the photograph carry 
a circular guard cage of stout wiro mesh.
The machine was bolted to the top of a bench, 
and the water taken from an ordinary screw-down 
tap. The waste water was led by a tube slipping 
over the end of the exhaust opening into the sink.
It was fairly efficient and ran up to 2,400 revs, 
per minute. There was a little noise with it and 
unless the tubes were carefully balanced a good
P l a n  o f  W a t e r  W h e e l .
WATW  o v T L tr
S e c t io n  o f  E x i s t i n g  M a c h i n e .
deal of vibration ; this did not matter much, as 
it was useo in an outside house.
I am now requiring one for indoor use in my 
private room, and propose fastening it to the wall 
(solid stone) above the water sink.
Before starting it, and as I think it is possible 
to make one neater, quieter and more efficient, 
I should like the opinion of readers on one or two 
points.
First with regard to the form of the water wheel. 
Should this be—
(i) Flat disc with straight flat vanes fastened on 
the under surface; or
(ii) Flat disc with flat curved vanes on under 
surface; or *
(iii) Flat disc with buckets fastened on under 
surface; or
glass tubes, whence it can be easily obtained for 
examination.
The construction of the machine is seen in the 
two diagrams.
The vertical spindle runs in the ball bearings
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